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MINISTRY OF HOME SECURITY

YOUR HOME AS AN AIR RAID SHELTER

Introduction.

When a high explosive bomb falls and explodes a number of things
happen. Anything very close to the explosion is likely to be
destroyed, and any house which suffers a direct hit is almost sure
to collapse. Fortunately, the zone of destruction within which this
danger exists is very small; but other dangers of a less spectacular
kind can cause far more casualties than direct hits. These are the
dangers from blast and splinters of the bomb case. Blast can shatter
unprotected Windows at considérable distance and fragments of glass
can be deadly, while bomb splinters can fly and kill at a distance
of over half a mile if there is nothing to stop them. This is where
your house cornes in. You may hâve seen pictures of shattered
houses and hâve thought that a house is no place for you; but you
must not be deceived by the pictures; houses do not collapse unless
the bomb falls on them or very close to them, and the chances of
your house being the unlucky one are very small. In fact houses
afford a great deal of protection against blast and splinters—as well
as against aerial machine-gun fire and splinters of anti-aircraft shell,

the dangers of which you must not underrate—and they can easily
be made to afford much more. It is the object of this pamphlet to
tell householders how best to go about it.

There are three ways in which you can provide your household
with shelter. First, you can buy a ready-made shelter to bury or
erect in the garden. Secondly, you can hâve a shelter of brick and
concrète built into or attached to the house. Thirdly, you can
improve the natural protection given by your house by forming a
“ refuge room.” The first two of these generally give better pro-
tection against bomb splinters than the third, but cost more; they
may be the only way of getting proper protection if your house is

very lightly built, say of timber. A properly-prepared refuge room
can, however, give almost as good protection as a garden shelter,
and is the method most householders are likely to adopt. The home
handyman can often do the necessary work of preparing a refuge
room with materials found in his house and garden.
The professional Institutions of Architects, Engineers and Sur-

veyors represented on the Building Technical Advisory Committee
hâve arranged a scheme for providing inexpensive advice for the
use of householders in a number of areas. For a fee of half a guinea,
a consultant appointed by one of the professional Institutions wili
inspect your house in these areas and give you a written report
stating the best place in which to shelter and describing ways within
your means by which your protection can be improved. A list of
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the Institutions concerned and the addresses from which further
information can be obtained will be found at the end of this pamphlet.

The Shelter.

The simplest kind of garden shelter is an open trench which will
give you complété protection against bomb splinters and very good

' protection against blast. Covering it over with earth will improve
the protection against blast and also keep out falling splinters of
anti-aircraft shells. A trench shelter needs materials such as timbér
and corrugated iron to hold up the earth covering and also, in most
soils, to prevent the sides of the trench falling in. Suitable materials
are not easy to get at présent, though you may find them in your
garden or outhouses.

Several kinds of sectional shelters are also marketed that are
designed to be put together in a garden trench and to hold up the
earth at the sides and overhead. Most bf them are made of con-
crète. Alternatively you can hâve built on the ground surface

>
or

partly sunk below it, a brickwork or concrète shelter, usually called a
“ surface-shelter.” This can give as much protection as one below
the ground, and will be necessary where the ground is too water-
logged to allow deep digging.

Many persons, however, would prefer not to leave their houses,
especially at night or in cold, wet weather, and would like a refuge
room in the house. In some cases a surface shelter can be built
against a house with a door opening from it.

The Refuge Room.
A refuge room below ground-level is best because it gives natural

protection against bomb splinters. Very good protection can,
however, be obtained above ground where the refuge room is weli
enclosed by brick or stone walls.

Illustration i shows plans of typical houses which illustrate how
refuge rooms should be chosen and improved.
The room chosen should be one that is as well protected as pos-

sible by surrounding walls of brick, stone or concrète, including
those of the house next door and garden walls, the object being to
provide as much protection as possible against flying bomb splinters.
Remember that 13! inches of brickwork will protect against splinters,
and that even 9 inches of it will stop a great many. The whole of
this protection need not be found in the wall of the shelter room;
you can add on the thickness of ail walls within a distance of about
30 feet from the refuge room. Make certain that the walls enclosing
the refuge are of solid brickwork or stonework and not of timber
framing covered with stucco or weather-boarding, as these provide
no protection.

A small or narrow room is to be preferred, because, in the event
of part of the house collapsing from a very near explosion, the roof
or ceiling over it will be more capable of resisting the fall of débris,
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such as loose slates or tiles, than a roof of wide span. Of course,
if you can get material and labour for propping up the ceiling over
the refuge room, it is not so important to choose a small and narrow
room.

As a general rule it is désirable to avoid rooms with large Windows;
bay Windows in particular will require large amounts of material
to block them in order to keep out blast and splinters.

In the typical suburban house, the kitchen or scullery will often,
though not always, be found to be the most suitable, particularly if

the door faces either the next house or a garden wall. A ground
floor room should generally be chosen in preference to one on an
upper floor as it provides greater overhead protection against falling
shell splinters or machine-gun fire. Also bomb splinters may strike
upwards through window openings and floors.

If you live in the upper storey of a house which has been con-
verted into flats it will be necessary to corne to some arrangement
with the other occupants, so that common protection can be secured
for ail. People in the ground floor or basement might give up space
in an entrance hall or the like, and the others might provide material
and labour for blocking up a window where necessary. Perhaps a
common staircase could be adapted for use as a refuge by ail.

A coal cellar under the pavement or under a yard at the back
of a house will make a very good shelter just as it is, but you should
see, if possible, that there is an emergency exit. This can be pro-
vided by enlarging the coal chute as shown in Illustration 2. If you
live in a terrace it may be possible to arrange with your neighbour
to make a crawl hole between your cellars.

Protection of Windows and Doors of Refuge Rooms.
Windows and doors of refuge rooms which are not shielded by

another house or solid wall within a short distance must be pro-
tected against bombs. This protection can be obtained by blocking
the openings or by erecting a brick or earth wall outside. The latter
is known as a “ barricade.” In either case the protection should be
raised to a height of at least 6 ft. above the floor of the room, so that
you can walk about without danger from splinters. Where a window
is blocked up to a height of 6 ft. above floor level this will usuâlly
leave a small area of window at the top which can be used to admit
light and air at normal times. If you find it too expensive to provide
protection up to 6 feet high, protection up to 3 feet 6 inches will do
if you are prepared to sit on the floor during raids. An inside screen
(as described on page 20) should be fitted to the refuge room window.
This will prevent light from showing in a black-out, and if the glass
is broken will stop flying pièces of glass and also keep out gas.

If you can get the help of somebody in the building trade, the
best plan is, of course, to build up the window opening with brick-
work. Old bricks will serve just as well as new ones; the builder
will probably hâve some. There is no shortage of bricks.
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A simple way of blocking the window is shown in Illustration 3,

type A. Whilst this does not give absolute protection it will stop

most splinters. It is done by nailing up stout boards on either side

of the window opening and filling the space between them with

shingle, earth or sand. It will usually be best to remove the

window, or at any rate the glass, before doing this. Thick stacks of

books form good protection against flying bomb splinters, and
Illustration 4 shows two ways of stacking them.

Some ways of making window barricades are shown in Illus-

trations 3 and 6, and of door barricades, usually called “ traverses,”

in Illustration 5. Methods of barricading the Windows of basement

or semi-basement rooms are shown in Illustrations 7, 8 and 9.
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Loose gravel or shingle, 2 feet thick, or 30 inches of earth or
sand, will give complété protection against splinters, and is équiva-
lent to a solid brick wall 13\ inches thick. These materials should
be held between boarding, corrugated iron or some f’orm of revet-
ment, as in Illustration 3 Timber may be difficult to get and can
be economised by using wire netting or split chestnut fencing between
timber uprights spaced not more than 1 foot 6 inches apart. In

Illustration 4.—A stout book-case, stuffed tightly with old books, protects
ONE WINDOW. Or a TABLE CAN BE USED WITH BOOKS 2 FT. 6 IN. THICK PILED ON

IT. If THE BOOKS ARE LOOSE, ROPE THEM DOWN FIRMLY.

some cases one or two old doors may be removed and used to contain
the earth or gravel walls as shown in Illustration 6.

Timber or other outside framing should be firmly tied together
through the earth wall to prevent bulging. For this, cross pièces of

wood may be nailed on, or lengths of wire used. The earth or gravel
need not be rammed tightly. There is, of course, no objection, to

providing earth or gravel walls thicker than is specified above; the
aim should be to make the window barricade give at least as much
protection as the walls of the house. Crazy paving slabs make an
excellent material for building walls or filling barricades.
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In blocking Windows and building barricades you should take

care to avoid making the house damp or starting dry rot in the

woodwork of the house. Barricades should either be built a few

Illustration 6.—Protecting a refuge room against bomb splinters.

The window has an old door across the window, stoutly fastened

BY WIRE TO A SECOND DOOR INSIDE THE WINDOW. THE MAN IS FILLING

THE SPACE BETWEEN THE DOORS WITH GRAVEL. THE GLASS ABOVE IS

COVERED ALL OVER WITH AN ANTI-SPLINTERING TREATMENT.

inches away from the walls or be insulated from them by layers of

tarred building paper or waterproofed felt. It is as well to cover the

tops of barricades with building paper or slates in cernent mortar to

keep them from becoming soaked by rain. Also be careful to keep
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iree from obstruction the wall gratings that ventilate the spaces
under wooden floors. If you want to gas-proof your refuge room
make arrangements to block these gratings only when air-raiding
appears imminent.

Protection of Glass in Windows.
Even if oniy a few buildings are seriously damaged by bombing,

it is certain that many more will hâve Windows broken by blast.

Apart from rooms with broken Windows being very uncomfortable,
there is the serious danger that people in refuge rooms will be eut
by flying pièces of glass when a bomb explodes near by. There are
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three ways (described in detail below) of overcoming this. These Ç
are :— •£

(i) Paste a suitabïe covering over the glass.
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(2) Cover the whole window inside with wire netting.

(3) Fit inside the window a light-weight screen.

First Method.

You should réalisé that nothing you can stick on to glass will

prevent it being broken, nor will even increase its chance of remain-
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ing unbroken when a bomb explodes near by. But a good covering

and^l
k
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P
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GVent glass flyin^ in smaU dangerous pièces

in J flu'

°

d a ^dly cracked and bulged pane in place enoughto keep ont the weather for a time. Coverings of this kind aresuitable where curtains and blinds are used for blackout.
Ibe matenal chosen should be tough or one that will stretch

considerably without breaking, and it must of course stick tightlyto the glass. Both the matenal and the adhesive should keep theirnature for a reasonably long time on the window. If they becomebnttle or peel off they will be useless.
y üecüme

The following notes will serve as a guide to the various materialsyou can use. Ail materials should be put on the inside of thewindow, which should be thoroughly cleaned beforehand.

(a) Paper or Cardboard.-Where the loss of light does not
matter, sheets of strong wrapping paper or cardboard can bepasted over the glass The thicker and tougher the paper, the
better, if possible, it should be one containing cloth libre. Thinbrown paper applied in strips is not very effective.

It is important that the adhesive should not become brittleon rying. Adhesives such as gum, flour paste, or paperhangers’

treacle

^ SUltable lf a little &1ycerine is added or, failing glycérine,

For fixing cardboard, the adhesive should be made rather
stronger than for paper, and it is as well to damp the cardboard
bfefore applymg the paste. Flexible glues can also be used
Sodium silicate (" waterglass ”) should not be used as an

of thegîass
r any material aS is liable t0 dama8e the surface

(b) Textile Materials.—Cotton, linen, sisal or other light-
coioured cloth m the forai of netting or sheeting may be applied

(a) above^
6 ^aSSj uslnS one adhesives mentioned in

More daylight, though rather less effective protection, willbe obtained by applymg cloth materials in strips. Insulation
tape and sticky cloth tape of the kind used for wrapping tennis

+f

an
^S arC examPles of this - These will stick to the

- Y , ,

bette
ï

lf they are pressed on with a warm iron. The stripsshould preferably be not less than i| inches wide, and shouldbe put on to form spaces not more than 6 inches each way.
(c) Transparent Wrapping Films.—Spécial transparent films

î° K°f ^ fo
u
r ^apping cigarette packets, chocolaté

boxes etc., but rather thicker, can be bought. These give good
protection and do not eut off light as much as paper or textiles
borne films can be obtained strengthened with a light fabric
netting. °

Films are sold under several trade names, and sometimes hâvea suitable adhesive sold with them. Some are supplied in rolls
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ready-coated with a tacky adhesive, and these can be put on to

the glass in strips.

Most of the films now being sold belong to one or other oî

the following types, which can be easily distinguished by the

burning tests described below. *

(1) Cellulose nityute film*, commonly called celluloid. This

is highly inflammable and for this reason should not be used on

Windows. It fiâmes fiercely when set on fire.

(2) Cellulose film.—This burns quietly like newspaper when

set on fire. There are two types; the “ coated ” or moisture-

proofed kind, should not be used. You can tell the uncoated

by wetting it with the tongue when it will curl and soften

slightly, whereas the “ coated ” will not.

Suitable adhesives are a good clear gum, or gum arable or

gélatine dissolved in hot water. These should hâve one part in

six of glycérine or treacle added. Do not try to put the adhesive

on to the film itself, but smear it on the glass and then press

the dry film into place quickly. It is best to use a small hand

roller. If the panes are large it will be easier to put on an

all-over coating in strips, side by side, rather than in one piece.

It does not matter if the film wrinkles provided most of it sticks

firmly when dry. It is possible to make cellulose film stick

smoothly and evenly by wetting it with water only, but this

should on no account be done since the coating so applied gives

little or no protection. After the cellulose film has dried it is

useful to apply a coat of clear varnish or cellulose lacquer. This

waterproofs the film and will help to prevent it peeling off if

the Windows get steamy.

(3) Cellulose acetatefilm—This does not readily take fire, and

in burning it melts and drops. Gum is not a suitable adhesive.

If no spécial adhesive is recommended by the maker, a mixture

of nine parts of treacle to one of warm water may be used and

the edges stuck down with adhesive tape.

(d) Liquid Coatings—Liquid préparations for painting on the

glass are now being sold under various trade names as anti-

shatter” treatments. When dry they usually give a clear

coating which sticks to the glass, but some are sold coloured for

blackout purposes. The makers issue instructions for putting

on their own materials.
,

Not ail of these give the desired protection, and at best they

usually do not last long. They tend to become brittle, and

lose their anti-splintering effect, and it is not always possible to

see they hâve done so. It is safest, therefore, to renew the

coating every two or three months.

Second Method.

Wire netting of mesh not bigger than \ inch will stop flying glass.

It should be firmly fixed on the inside of the window It may be
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nailed to the window frame, but this will make the window difficult

to clean or open. A better way is to fix it to a détachable wooden
frame made to fit the window opening. Wire netting of course gives

no protection against weather when the glass is broken, nor does it

help in blacking out.

Third Method.

A light-weight screen fixed over the window opening inside has
four uses. When the window is broken it will stop flying pièces of

glass, it will keep out the weather and, if properly fitted, it will

keep out gas and it also acts as blackout. A screen is the best method
of protecting a refuge room window. Pasting a covering on the

glass as well is not necessary, but makes a better job of protection.

The screen is made of a light sheet material which is nailed to a
light wooden frame. Materials such as the following are suitable :

—

Plywood, Building Board, Thick Cardboard, Corrugated
Fibre Board, Thin Tinned Sheets, Roofing Felts, Linoléum,
Plaster Board.

Some of these materials, which are very stiff (such as Building
Board), can be used for small Windows without a frame. Those
which are not themselves waterproof can be made reasonably rain-

proof with a coat of paint. Screens of paper or cloth will not stop

flying pièces of glass.

Illustration io shows some typical methods of framing the screens.

A screen for a window 6 ft. high by 4 ft. wide can be framed with
i| in. x 1 in. wood, and if this is covered with stiff material like

building board no cross members will be needed, but if covered with
less stiff material such as roofing felt or linoléum one or two cross

members should be provided in each direction, partly to strengthen

the frame and partly to provide something to nail the sheets to.

See details (1), (2), (3) and (4) of Illustration 10.

There is nothing to be gained by making the screens extra strong

or heavy; the lighter they are the less they are likely to be broken
when a bomb explodes. Large Windows may need more than one
screen.

Strong sheet materials can be nailed direct to the frame, but
the thinner materials such as corrugated fibre board should be held

between plywood strips or plasterer’s laths as shown in details (5)

and (6) of Illustration 11.

A strip of rubber, felt, baize, old carpet or other thick fabric may
also be tacked on the outside edge of the screen frame to make a
tight fit with the window surrounds (detail 7). This will make a

tight fit to hold the screen in place, and will keep out gas.

If these screens are screwed to or otherwise firmly fixed in the

window openings they will be broken by blast They should

therefore be kept in place by their tight fit or by means of the
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lightest possible fixings, and they will then fall out undamaged, if

subjected to blast, and can be quickly replaced.

, A good plan to prevent the screens from falling on the floor when
blown out by blast is to hold them at the top by an elastic or rubber
cord fixed to the window head. Rings eut from old inner tyre tubes
from motor cars will do for this. (Details (9), (10), (n) and (12) of

Illustration 11.)

Fire Précautions.

This pamphlet does not deal with fire précautions, but you should
know how to deal with incendiary bombs if one falls on the house
when you are in your refuge room or shelter. Also you should take
précautions beforehand to prevent fire spreading. You should study
carefully Public Information Leaflet No. 5 which advises you to:

—

1. Clear your roof spaces and attics of any old “junk” that you
hâve collected there. See that you hâve nothing there that will

easily catch fire and nothing that would prevent you getting at the
burning bomb.

2. Make sure that you can easily get into your attic or roof space.

3. Hâve ready at least four large buckets, a shovel or scoop,

preferably with a long handle, and a fair quantity of sand or dry
earth. Provide also what appliances you can

;
if possible, a stirrup

handpump with the spécial nozzle giving either a jet of water for

playing on a fire, or spray for dealing with the bomb itself. Failing

this, a garden syringe would be useful, or even old blankets soaked
in water.

Taking Cover.

And now about taking cover.

You hâve been told at the beginning of this pamphlet what
happens when a bomb bursts, and from what you hâve been told

about your own home you will know what it is that gives you the
necessary protection against blast and splinters, and this knowledge
will be a help to you in taking cover.

Expérience in war areas has shown that casualties for the civil

population fall to very small numbers when people learn to take
cover and avoid exposing themselves in the open to bomb and anti-

aircraft splinters, machine-gun bullets and flying glass.

The first thing to remember is that you are safer at home than
running into the streets and seeking other shelter when a warning
goes, and you will certainly be much more comfortable in your own
refuge room or garden shelter.

Almost no shelter is proof against a direct hit from a heavy
bomb, but the chances of your own house getting a direct hit are i

very small indeed. Therefore stay at home or if you are not far

away when a warning goes, get back quickly to your own home and
refuge. On no account look out of the window.

If you are not near home and you are caught in the Street or in

the open take the best cover you can find.
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METHODS OF FIXING SHEET MATERIAL TO FRAME

(5) LATH OR PLYWOOD STRIPS • (§) NAILING DIRECT TO FRAME •

EDGE FIXING & GASPROOFING CORRUGATED BOARD SCREENS

TURNBUTTON FIXING ELASTIC BAND SUSPENSION -

SCREEN IN POSITION • SCREEN IN POSITION*

SKETCH OF TIN TURNBUTTON* SKETCH OF SUSPENSION HOOK*

Illustration ii.—Making light-weight screens.

Detail (9) shows a screen held by turnbuttons as in detail (11). Detail (10)

shows a screen held by its tight fit in the window opening.
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Remember that bomb splinters do not as a rule fly horizontally •

practically ail of them fly slightly upwards. Therefore if you are in
the open with no cover lie down flat on your face. If there is a ditch
get into it, or a low mound or wall get down behind it.

If you are caught in a Street go into the nearest public shelter,
if there is one and you know where it is. You should make a habit
of memonsing the situations of public shelters in the places and
streets which you frequent.

.

Do not
> however, waste time hunting for a public shelter. Go

mto the most solid-looking building near you, if you can. Inside
corridors and passages are safer than rooms willi Windows. Il in a
room sit on the lloor against a wall between Windows, and avoid ail
places where bomb splinters or flying glass can lui yon

If you cannot get into a building gel under an arcliway ot I ><*l i i 1 1«

I

a. low wall, or even into an area, or lit* down liai I )<* nol, liowevei
lie down in front of a window because glass wlien luokcii someliine >

Aies or falls outwards.
If bombs are bursting near it is uselnl to keep (lu* inontli open l>v

gripping a piece of wood or rubber t.ightly belween the tectli and lo
put loosely-packed plugs of cotton wool in the cars. The necessai ymaterials should be obtained and kept in a convenient place where
they may be readily found if required.
Always take cover. Never go into the open to watcli anti

aircraft fire or aerial battles. They may be terribly fascinating but
it is dangerous.
Another point is this. If you live in a well-built house or hâve

a good refuge, look into the Street when the warning goes and see
if there is a passer-by wanting shelter and ask him in—you may be
" a passer-by ” in the next raid.

HELP EACH OTHER

List of Institutions Leprésented on the Building Technical Advisory Connu i/fer

The letters in brackets are those which members of the Institutions .11 <•

entitled to place after their liâmes.

The Chartered Surveyors’ Institution (F.S.I. and P.A.S.I.).
The Faculty of Architects and Surveyors (F.F.A.S., A.F.A.S. and L.F.A.S.).
The Incorporatcd Association of Architects and Surveyors (F. T. A. S. and

A.I.A.S.).

The Institution of Civil Engineers (M.Inst.C.E. and Assoc.M. I usl K.).
The Institution of Structural Engineers (M.I.Struct.E. and A.M.I .Sti ucl.K.).
The Royal lnstitutc of British Architects (F.R.I.B.A., A.R.T.Ii.A, and

L.R.I.B.A.).

For further information apply :

Secretary, Central Board or Advisory Panels or Proiessional
Consultants,

1-7 Grcat George Street,

Westminster, London, S.W.i.
Téléphoné

:

Whitehall 4577.

B9896. Wt. 2889. 100,000. 5/40. U.B.L. G.423.
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This 3d. official pamphlet, comprising

24 pages with 1 1 illustrations, tells you

how, with a few simple materials easily

obtained, or readily available in most

households, a refuge room can be made

in any ordinary dwelling-house that will

give almost as good protection as a

Steel or brick garden shelter.
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FOREWORD
BY

SIR JOHN ANDERSON, G.C.B., G.C.S.I., G.C.I.E., M.P.
Minister ofHome Security.

This book is written to help you and your family and your friends.

There has been built up in the last few years a vast organisation for Civil
Defence; and, thanks to the dévotion ofa great army of volunteers, the services
which it comprises hâve been welded into a highly efficient force. This organi-
sation is briefly described in the first chapter, which has been included in this
book for two reasons; first, because I may, in the near future, hâve to call
on many of you to give some part of your time to one or other of these
services, and secondly, because you may need the help of the services and
should therefore understand something about them.

But the Civil Defence services alone cannot protect you from the consé-
quences of air raids. Your own protection and the protection of your family
must, in large measure, dépend on your taking certain necessary précautions.
You can yourselfdo much to minimise risk to yourselfand to those dépendent
on you.

A great deal of information has been collected as a resuit of expérience
gained in actual air raids, and from this and from research and experiment
the basic principles on which the protection of life and limb and property
dépends hâve been worked out and are set down here for your guidance.
They are simple to understand and easy to carry out; and if you will act on
them you will be able to face the dangers of air raids with the sure conviction
that you hâve done ail in your power for the safety of those depending on
you, and with the calmness and assurance that corne from a knowledge of the
way in which these dangers can be met. In this way you will be helping not
only yourself, but the Nation, for it is through the strengthening of your
powers of résistance that the people of this country will be enabled to defeat
every attempt the enemy may make to weaken its morale and paralyse its
war effort.

In this war every man and woman is in the front line. A soldier at the
front who neglects the proper protection ofhis trench does more thanendanger
his own life; he weakens a portion of his country’s defences and betrays the
trust which has been placed in him. You, too, will hâve betrayed your trust
if you neglect to take the steps which it is your responsibility to take for the
protection of yourself and your family.

This is a contribution to the winning of final victory which you personally
can make and which no one else can make for you. I am confident that you
will make it.

June> 1940.
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Far greater areas are exposed to the distant effects of bombs than to the

near effects, and consequently the chance of a house being subjected to distant

effects is far greater than that of its suffering nearer effects.

Types ofH.E. Bombs.

There are certain types of H.E. bombs, such as anti-personnel and armour-

piercing bombs, designed for attack on spécifie objectives, but the most
commonly used are the General Purpose types. The latter, as the name
implies, are employed for general bombardaient purposes and are used, for

example, against factories and buildings of ordinary construction.

These bombs may be fitted with fuses to detonate them on impact or after

a delay varying within a considérable time range; normally they hâve fuses

giving a delay action of a few tenths of a second in order that the target may
be penetrated before détonation, but the delay can be increased to many
minutes or even longer periods.

The weights ofbombs vary greatly. In determining the size of bomb to be

used, account has to be taken of the carrying capacity of the aircraft, the

weight of fuel required, and the destructive effect of the different weights of

bombs. In the présent circumstances, the bombs most generally in service are

of about 100 lb., 250 lb., and 500 1b. ; such bombs are between 4 and 5 feet

long; and from 9 to 15 ins. in diameter.

High Bombing Attacks.

Hostile aircraft will be subjected to heavy anti-aircraft fire from our

home defence units. Over certain vulnérable parts of the country, barrage

balloons, too, will add to the hazards with which they must contend, and at

ail times there will be the Fighter machines of the R.A. F. launching fierce

attacks upon the enemy.
These defences will tend to cause raiding units to keep as far out of range

as they can, consistent with the requirements of their plan of bombing. In

many cases, therefore, the majority of bombing attacks over this country may
be expected to be launched from a considérable height.

There are two points arising from this source which are of spécial interest

to the civilian population.

Firstly, even if it could be assumed that the enemy would confine his

attention to military targets, the small measure of accuracy obtainable when
bombs are released from a great height leaves a wide margin as regards the

possible positions where the bombs might actually fait. Some may fall in the

areas at which they are aimed, whilst others would almost certainly fall in

residential areas, the suburbs of cities, or even in parks, fields, or rivers. Every

citizen, then, must réalisé that he and his family are among the potential

victims of air attack, and that he must take ail possible steps to seeure pro-

tection. „ „ . , . ,

Secondly, bombs released from modem aircraft flymg at great heights and

speeds must be released well before the target is reached. Anyone who waits

till he sees aéroplanes overhead before taking cover is thus running the

gravest risk of being injured by the bursting of a bomb dropped before the

bomber cornes into sight—for in congested areas in particular it is most

unlikely that there will be clear view of the sky for many miles in ail directions.

Low Flying Attacks and Machine Gunning.

Where there is no balloon barrage, attacks may be made from very low

altitudes, or bv dive-bombing, and aircraft may skim over the roof-tops

spraying unprotected persons in the streets and at Windows with machine-gun

bullets.
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many Windows of a house, notably those of rooms other than the one adapted
for use as a shelter, which will cause great inconvenience if shattered. No
protection can be obtained simply for these against near etfects, but some
measure of reinforcement can be given to them against distant effects and the
risk of small pièces of glass flying about reduced by one of the following
means :

—

(1) A piece of fabric such as muslin, calico, cotton, or linen sheeting may
be pasted ail over the glass. A variety ofadhesives can be used, such as
office paste, gum, size, paperhanger’s paste, or ordinary flour paste
with an addition of treacle or glycérine in the proportion of one part of
treacle or glycérine to twenty parts of the adhesive. Waterglass
(sodium silicate) should not be used. The glass should be well coated
with the adhesive. Where the loss of light does not matter, a strong
cardboard may be pasted over the glass. In order to make the card-
board stick, its natural curvature should be noted and it should be
placed with its hollow side, which may also be coated with the adhesive,
facing the glass and then be pressed firmly in contact. When there is

not enough cardboard available a strong wrapping paper can be used,
but it will not be equally effective.

(2) The inner face of the glass may be sprayed or painted with a liquid
composition of which spécial varieties can be bought. These materials
mostly hâve only a limited life, and may hâve to be renewed after about
two or three months.

(3) A transparent film of the kind used for wrapping may be applied to
the inner face of the glass. It can be pasted over the whole window, or
it can be applied in strips at right-angles. There are several materials
of this kind and each requires the proper adhesive. The makers’
directions should be followed closely.

(4) Where none of the above recommendations can be followed, materials
can be applied in strips, though they do not prevent glass from
splintering quite so well as all-over coverings. Surgical plaster or
insulating tape are useful and are best pressed on with a warm iron.
Strips ofwrapping paper are not so satisfactory because they tear more
easily. The strips should not be more than 6 inches apart.

in ail cases in which glass is retained in the Windows of refuge rooms,
unless the opening has been wholly blocked, it is essential to arrange protection
against the violent scattering of broken glass by one or other of the foregoing
methods.

Keeping out wind and rain when Windows are broken.

If window panes are shattered, it will be necessary to keep out wind and
rain and possibly poison-laden air. For this purpose, a shutter made of wall-
boarding, plywcod, or other stout material fixed to a Üght wooden frame,
accurately fitting the window opening and having felt or thick cloth tacked
arcurd the edges, is recommended. This wall-board shutter should not be
secured in position except by the friction of its close fit assisted by the felt

around its edges; it will thus not offer résistance to blast, and, if blown away
from the window, will fall into the room undamaged and can be easily
replaced. It will be found useful to attach the top edge of the shutter to the
wall by two lengths of stout rubber about 18 inches long, so that, while it is

left free to swing from the window, it will be prevented from flying across the
room.
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Alternatively, shutters made of wood 2 inches thick throughout may be
fixed on the outside of the window. These wooden shutters must be firmly

clamped to the wall, for instance, by iron bars fixed across them with the ends
securely fastened to the wall. While such shutters will not prevent the glass

from being broken by blast, they will themselves normally withstand the

effects of blast, and, if fitted with the necessary gaskets, will also keep out
poison-laden air.

Provision of a Shelter Outside the House.

In some cases it may be decided to provide a shelter of spécial construction

outside the house. Such a shelter may take one of several forms and may be
situated in the garden, if there is one, or nearby, wherever accommodation
permits.

Arrangements may be made with neighbours for two or more householders
to share the expenditure of a commercially built structure situated con-
veniently to ail.

The entrance of such shelter must always be protected from splinters

either by means of a substantial traverse or by proximity to a substantial

building or wall. The shelter should be sited not nearer to any building than
half the height of that building. Where this cannot be achieved, the roof of
the shelter must be made strong enough to resist the fall of débris.

Generally it is found that the proper siting and érection of outside shelters

are matters for the building and contracting profession. For that reason, only

brief notes are given in the pages which follow on the various types of outside
shelters, sufiicient to indicate the kind of problems to be tackled. Those
wishing to provide for themselves specially made shelters are recommended
to make contact direct with the profession or to approach the local Council
for guidance, whichever is more appropriate.

Types of Shelters independent of Buildings.

Shelters independent of buildings may take the form of covered trenches

or they may be spécial constructions, lined for example with Steel or concrète.

Trenches.

Being constructed wholly or partly below ground, trenches afford excellent

latéral protection, but they must be given overhead cover against light falling

missiles. This requires a head cover of 5 inches of concrète or 18 to 24 inches

of earth. More earth should not be used, because, in the event of collapse, the

occupants of the shelter might be so deeply buried as to be unable to extricate

themselves.

Trenches should provide not less than 6 feet of head room and should be

fitted with seats. They must be lined with strong materials to prevent the walls

from collapsing, and should be provided with a form of floor covering, such

as duckboards or shingle.

Arrangements must be made to drain away any water which may seep

into the trench.

Government Steel Shelters (“ Anderson Shelters '*).

Corrugated Steel shelters made in sections to accommodate four or more
persons made to Government spécification hâve been distributed in large

numbers in the more vulnérable areas.

The sections of these shelters fit together in the form ofan arch designed to

carry the necessary covering of earth for overhead protection against falling
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A Completed Anderson Shelter.

splinters and débris. Where possible, they should be sunk about 3 feet into

the ground, and should invariably be covered with earth to a minimum depth

of 15 ins. over the arch. These shelters do not provide the required protection

unless covered by at least this thickness of earth. The shelter should be sited

from 6 to 15 feet away from a building in such a position that the building

protects the entrance from splinters.

Surface Shelters.

These are built entirely above the ground; they may be constructed of

15 inches of concrète, 12 inches of reinforced concrète, or 13J inches of brick-

work. Overhead cover must be provided against the fall of light missiles, and
for this purpose reinforced concrète 5 inches thick may be used.

General Notes on Shelters.

Before a refuge or shelter can be considered to be completed and equipped,

there are certain points to which attention must be directed. It is important
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Sanitary Arrangements.

For this purpose, Chemical closets may be used if water closets are not
available. Some provision, however, is essential.

Tools.

A number of tools such as picks, shovels, and crowbars should be kept in
a shelter to be used in forcing a way out if the occupants are trapped. When
the accommodation is being fitted out, it should be discovered where the
weakest part of the structure is, or where it would be most suitable to work,
should it become necessary to break a way out. This position should be
clearly marked for the benefit of ail.

Comforts and Occupation.

Chairs or other seating arrangements are required, and a table, if it can be
accommodated, is désirable. Rugs and a stove will be found most welcome
during night raids and in the winter months. A radio or gramophone, some
books, table games, and toys where children are concerned, will also be found
useful adjuncis to shelter equipment. The provision of a kettle, a safe means
of boiling it, some tea or coffee, a few biscuits in tins and perhaps some tinned
food m addition, will ail help to make less irksome the time passed in the
shelter.

It is important that persons in shelters should be given an occupation,
preferably of the mind, since this will help to divert attention from the noise
accompanying an air raid and to prevent idle spéculations on what is going
on outside. Vigorous activity in a shelter should be discouraged, since it
increases the consumption of oxygen out of the air and unnecessarily raises
the humidity.

If a dog is taken into the shelter, it is désirable that it should be muzzled.

Action to be taken on the Sounding of a Warning and Behaviour during an
Air Raid.

It cannot be too strongly emphasised that it is most dangerous to give way
to the temptation to watch what is going on in an air raid, and to remain out
of doors or at a window instead of taking cover. Even if the raid is a con-
sidérable distance away, fragments of anti-aircraft shells may fall many miles
from the scene of action, and in addition, with aircraft travelling at several
miles a minute, a person watching a raid at some distance may find himself
without warning in the middle of falling bombs. Owing to the great speed ofmodem aircraft, the bombs are released many miles before the target aimed
at is reached, and the person who waits to see the bombers before taking
cover may pay for his curiosity with his life.

When an air raid warning is heard, or the sound of gunfire or falling bombs
is heard m the absence of any warning being sounded, it is of the utmost
importance that everyone should seek cover at once, taking care that he has
his respirator with him.

After a warning is sounded, the period before the raid begins is likely to be
short. Persons in or near their own homes should betake themselves, with their
dependents, m an orderly fashion, to the refuge; and employées at their place
ol business should take cover in the shelter provided. Those caught in the
streets at the time of an air-raid warning should not attempt to go home
unless they can get there within five minutes. The local authorities, assisted
by the Government, hâve provided public shelters for use by those persons
tor whom it would be unsafe to try to reach home. The presence of these
shelters is clearly marked, and in congested areas they are situated at close
interva ls.
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During a raid and, indeed, at ail times in an emer-
gency, it is necessary to keep calm, and to act swiftly,

with the knowledge of the right course which must be
gained beforehand.

Standing in When it is safe to do so after a raid, it is better to go
Street. out and help others than to stay at home and fret.

Lying in

Street.

Lying Behind
Low Cover

or in

Doorway.

Sheltering in

House or
Other Place
Affordlng
Head and
Side Cover
away from
Windows.

In shelter of
approved
type, e.g.,

Anderson
Shelter,

Covered
Trench,

Strutted Base-
ment, or
Surface
Shelter.

This diagram is based on a large number of reports of the results of recent air raids
and is an approximate indication of the différence in the degree of risk resulting

from taking cover in various ways.
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CHAPTER 3.

INCENDIARY BOMBS.

Incendiary Bombs and Their Characteristics.

Incendiary Agents.

Many incendiary agents, such as petrol, thermite, phosphorus, and
magnésium, hâve been used in war, but the most effective as a projectile

is the Magnésium Bomb, which consists of a magnésium alloy exterior and a

core of thermite priming composition.

The chief advantages of this type of bomb are that the whole of it is

combustible with the exception of the striker mechanism and the sheet-iron

tail fin, and that it remains active longer than most other forms of incendiary

bomb of equal weight.

Incendiary Bomb Attack.

Generally speaking, the object of incendiary bomb attack from the air is

to cause many tires over a large area at once. To do this each aircraft must
carry as large a number as possible of the lightest bombs which will effectively

start a tire; for this purpose the “ kilo ” or 2^-lb. magnésium bomb offers

great advantages since a large bomber can carry 1,000 or more of these

bombs.
They may be released in salvos of 10 or 20, and if 15 per cent, of the

bombs dropped in a normally built-up area actually hit buildings, a reasonable

proportion for such an area, and only half of these started fires, at least 75

fires could be caused by a single aircraft.

If there were 10 aircraft 750 fires might thus be started simultaneously.

Pénétration and Protection .

The light incendiary bomb has been designed to penetrate any ordinary

roof material, such as slate or tile, and to become lodged in upper storeys,

where a fire may resuit. Unless the bomb enters through a window, it will

probably be arrested by the first boarded floor below the roof, where it will

start a fire and then, buming its way through the floor, start a further fire on
the floor below.

To lessen this risk, it is important to remove inflammable materials in

attic or roof spaces. In addition, to prolong the résistance of woodwork to

buming, it is helpful to apply liberally on upper roof timbers in these spaces

one of the many recognised flame-resisting paints or plasters in accordance
with the directions of the manufacturer. It is not difficult, however, and it is

certainïy far cheaper, to buy the ingrédients of such a composition and
préparé the mixture at home. For those who may wish to do so, the formula

is :

—

1£ lb. of Kaolin (china clay) to 1 lb. 2 oz. of sodium silicate in syrup

form, mixed in 1 pint of water.

It should be understood that the application of flame-resisting paints and
plasters do not prevent fire, but simply prolong the résistance of dry woodwork
to buming, thus giving the fire-fighter more time to get to the bomb before
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the surroundings are set alight. The résistance to burning in a floored roof

space or attic can be greatly incfeased by covering the floor with 2 ins. of
dry sand (if the ceiling structure will support the weight) or with some other

suitable material.

Characteristics of Light Magnésium Bomb.

On impact the thermite core of the bomb is ignited and bums at a

température sufficient to ignite the magnésium casing. In the initial period,

Typical Kilo Magnésium
Incendiary
Bomb.

Typical Kilo Magnésium
Incendiary

Bomb—Sectional Drawing.



normally lasting about one minute, a violent spluttering takes place and
molten incendiary matter is thrown a considérable distance, often about 30 ft.
This may cause any inflammable material within reach to catch lire. After
the initial stage the bomb will hâve become a small pool ofmolten magnésium,
which will continue to burn with intense heat, but without spluttering, for
about 10 minutes or more.

If left alone the magnésium will tend to trickle through floor
boarding, buming its way as it goes, and so start further Ares in the room
below.

When, therefore, an incendiary bomb has penetrated a building, it

becomes immediately necessary :

—

(i) To subdue and localise the fire resulting from the bomb, since the
main damage is caused by the fire;

(ii) To control the bomb and prevent it from burning through the floor.

Methods of Controlling the Bomb and Dealing with Incipient Fires.

The Use of Water.

„
Theeffect of applying water to burning magnésium is to increase the rate

of burning by supplying oxygen, with the resuit that the bomb is rapidly burnt
out.

Water should not, however, be thrown from a bucket or otherwise
projected m quantity on a magnésium bomb, since this will cause very violent
spluttering and scattering of the molten métal. Even a light jet of water will
cause spluttering, and should not, therefore, be used on the bomb.

The best method of dealing
with a magnésium bomb is by
the application of water in a
suitable spray, such as that
produced by the stirrup hand
pump; this enables the bomb to
be dealt with at close quarters
without any spluttering, and
reduces the time of burning
from about 10 minutes to a
minute or so.

Stirrup Hand Pump.

The appliance specially re-
commended for dealing with
incendiary bombs and the résult-

ant fires is the stirrup hand pump.
It is fitted with a dual-purpose
nozzle which can produce either
a spray or an |-in. jet of water
as desired. The jet will normally
carry effectively to a range of
about 30 ft., and the spray to
about 15 ft. It is supplied with
30 ft. of hose.

The advantages of the stirrup
hand pump may be summarised
as follows : Stirrup Hand Pump.
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Shovelling Sand on the Bomb.

(iii) As soon as the bomb is extinct, the operator should extinguish any
buming parts which remain in the surrounding space.

(iv) As there is danger of fire creeping into unseen places where it may
remain unnoticed in a smouldering condition, a thorough search
must be made; for this purpose it may be necessary to lift floor

boards or to remove panelling and skirting from the walls.

Alternative Methods.

Where an incendiary bomb is found buming upon an incombustible
surface, such as the tiled or concrète floor of a kitchen or scullery, an
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Smothering the Fiâmes when Clothing is on Fire.

To move the body downstairs, it should be placed face uppermost
with the head down the stairs. The rescuer should then lead down-
stairs by crawling backwards, helping the body down with his hands
placed under the armpits.

(h) If a person’s clothing is on fire, he should clap his hands over his

mouth, lie down and roll.

If the clothing of another is on fire, the rescuer should make him
lie down with the buming part uppermost. He should then approach

the victim, holding in front of himself a blanket, rug, overcoat, or any
other article suitable for smothering the fiâmes, and cover the fiâmes

with the material. The victim should then be rolled until the fiâmes

hâve been put out.

(i) To escape from a window without a rope, the proper procedure is to

sit on the sill, tum round, lower the body to the full extent of the

arms, and then drop with the knees bent, endeavouring to spring

slightly away from the walls.
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Preparing to Escape from an Upstairs Dropping from an Upstairs Window.
Window.

Précautions to be Taken In Advance

Fire brigades throughout the country hâve been augmented for the
purpose of dealing with incendiary bomb attack. But in spite of this the fire

brigade services might be severely strained in the event of a heavy incendiary
bomb attack and water for their use may temporarily cease to be available

locally owing to heavy demands elsewhere.
It is therefore of vital importance that as many of the public as possible

should be in a position to deal with lires on their own property before they
become unmanageable; there is no household in which this can be neglected
with impunity.

The following are the more important précautions which should be taken
in advance in order to deal with incendiary bombs :

—

(1) In every household» each adult should be made familiar with the
methods of tackling both the bomb and the résultant lire» and duties

should be allotted to each person in advance.

(2) The appropriate appliances should be obtained before they are
required; the cost of doing so may often conveniently be shared
between neighbouring households. Supplies of water, independent of
the mains, and of sand or dry earth, should always be ready to hand.
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the point of release where the concentration will be greatest, but mové
laterally out of the path of travel of the gas.

Respirators for the General Public.

Respirators hâve been issued by the Government to the whole population.

They are the property of the Crown, and as such they may not be maltreated

or used for any purpose other than that for which they are intended. It is

essential that they shall be wom by everyone who cornes within range of war
gases dropped by the enemy except those within gasproof shelter.

These respirators will give protection to the eyes and lungs under any
conditions likely to arise from the use of any war gas in air raids. None of

them is designed to protect the wearer against domestic and other noxious

gases which are not used in warfare.

There are three principal types of civilian respirator designed to suit the

different âges of wearer. They are the General Civilian Respirator, the Small

Child’s Respirator for children from about 4 years down to 18 months, and
the Anti-gas Helmet for Babies, designed for infants in arms.

The Civilian Respirator.

Description. This respirator has a window of non-inflammable trans-

parent material let into a facepiece of thin sheet rubber which covers the

eyes, nose, and mouth, and which is held in position by head-hamess. To
this facepiece is attached a container which holds activated charcoal to absorb

gases from the incoming air, and a filter to prevent the passage of the fine

particles of poisonous smokes; the standard of protection against these

smokes is now being improved by the fitting of an additional filter known as

Contex. Those areas in which Contex filters hâve not already been supplied

will receive them in due course. The local authorities will notify the public

when they are available. The fitting of Contex should be carried out only by
wardens or other A.R.P. officiais.

Thrusting the Chin into the Civilian

Respirator.
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adjustments may be
necessary from time to

time, in accordance
with the growth of the

child.

Removal. To re-

move the respirator,

the thumb should be
inserted under the

buckle at the back of
the head and the straps

drawn forward over the

top of the head and
then in a downward
direction. Any other
method may cause
damage to the face-

piece, and must not be
attempted.

The Small Child’s

Respirator.

Children do not, as

a general rule, take well

to wearing respirators,

and the difficulties their

parents and guardians
may hâve in this connection, together with the other dangers of air raids,

should be avoided where possible by the évacuation of children from the more
vulnérable areas. The possibility of air raids, even in the comparatively safe

réception areas, cannot, however, be wholly discounted, and the Government
hâve therefore made a general distribution of the Small Child’s Respirator.

Description. An attempt has been made in the design of this respirator
to make it as acceptable as possible to young children. The colours hâve been
made attractive; it has been made as light in weight as possible; the head-
hamess will not weaken in use, is gentle in its pull on the facepiece, and is so
designed that it prevents the respirator from being easily pulled off. Since the
child breathes much less air than an adult, a less bulky and lighter container
than that of the ordinary Civilian Respirator has been included, and this is

screwed into the facepiece.

The container causes only a negligible résistance to the child’s breathing,
and the air breathed out passes out of the facepiece through a soft rubber
valve which opens freely under the pressure of the breath. Contex may be
added to this container also.

The facepiece is made of soft rubber so that it readily takes the shape of
the child’s face and makes close contact with the skin. Eyepieces are fitted in

place of the transparent window found in the Civilian Respirator.

Putting on and Removal. The respirator is put on in the same way as the
adult respirator. Many children quickly leam to put it on themselves if they
are shown how to thrust the chin forward into it. If it is put on by a second
person it is better to do so from behind, with the back of the child’s head
resting against the chest of the adult, so that the child’s neck is supported
against the action of pulling the spring hamess over the head. To remove the
respirator, it should first be unhooked at the back of the head, and the
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Baby’s Anti-Gas Helmet.

enough to allow pumping to be stopped for several minutes if required without

causing discomfort. When pumping, the operator should be careful not to

obstruct the intake holes which lie in the dise at the movable end of the

bellows under the palm of the hand.
There is no limit to the time during which a child may remain in the

helmet if steady pumping is maintained.
Contex may be fitted to the container in a baby’s helmet, but only by

properiy qualified persons. The helmet should never be taken to pièces by

an unskilled person because there is a risk of its being reassembled wrongly,

so that it will not protect the baby against gas.

Fitting and Operation. To put the baby into the helmet it is necessary to

proceed as follows :

—

(1) The wire legs of the helmet should be opened and clicked back.

(2) The helmet should be laid down with the skirt of the bag open and
the top tumed back over the window. The wide strap attached to the

turned-up end of the métal tailpiece should be out of the way, so that

the baby will not lie upon it.

(3) The baby should be placed in the helmet so that its seat rests in the

curve of the tailpiece with one leg on each side.

(4) The skirt should then be pulled down over the baby and it should

be ensured that both arms are free and are put up inside the bag
before the tape is tied. The ends should then be drawn snugly, but
not too tightly, around the infant’s waist, and finally finished off by
tying in a bow.

(5) The supporting piece should now be brought up between the legs and
the ends of the canvas strap attached to the buckles on each side of
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NOTES ON IMPROVISED SPLÏNTS
When the proper splints are not available, it will often be possible to

improvise suitable substituées in a number of different ways, which will at
least serve temporarily while trained persons with proper equipment are on
their way. A few examples showing how articles in common use may be
made to serve as improvised splints are given in the illustrations which follow.

If sufficient bandages are not available to correspond with the illustration,
it shouid be remembered that the important points are to bandage above and
below the fracture, and to ensure that the limb is kept rigid.

Sketch /.—Simple fracture through middle third of right fémur (thigh-bone).

A broom used as a thigh splint by placing the handie along the injured limb, with
the head of the broom at the feet. Loosely folded pièces of newspaper or other
material may be used as padding, placed between the ankle and knee joints, and

also at the hip.

Folded triangular bandages are shown in the illustration, but the improvised
splint may be secured by any other material of sufficient length, such as, for

example, neck-ties, belts, or scarves.

Sketch IL—Simple fracture through middle third of tibia (shin-bone).

The illustration shows an umbrella used as a splint. The ankles and knee joints are
padded with loosely folded newspaper.
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SELECTION OF
OFFICIAL PUBLICATIONS

The sériés of Air Raid Précautions Handbooks and Memoranda has been

produced by the Ministry of Home Security with the assistance of the Govern-

ment Departments and other bodies concemed.

The Handbooks are designed to describe a scheme of précautions which

it is hoped will prove effective in preventing avoidable injury and loss of life,

or widespread dislocation of national activities. They aim at giving the best

available information on methods of passive defence against air attack, and

will be revised from time to time in the light of future developments.

The Memoranda deal with various aspects of the organisation to be

provided by local authorities for public air raid précautions services.

HANDBOOKS.
No. 1. “ Personal Protection Against Gas ” (2nd Edition). 6d. (8d.)

Gives rules of personal protection, and general knowledge of the

nature and dangers of war gases.

No. 2. “ First Aid and Nursing for Gas Casualties ” (3rd Edition). 4d. (5d.)

Provides information of both a general and technical nature required

by nurses, first-aid parties, and the personnel of first-aid posts, to enable

them to carry out their respective duties. Complementary to Handbook

No. 1.

No. 4. “ Decontamination of Materials ” (15/ Edition). 6d. (8d.)

Explains the general principes governing the methods of counter-

acting contamination arising from war gases. A text-book for the training

of the members of decontamination services.

No. 4A. “ Decontamination of Clothing, including Oilskin Anti-Gas Clothing,

and Equiportent from Blister Gases ” (15/ Edition). 3d. (4d.)

This Handbook may be regarded as supplementary to Handbook

No. 4, in which it will eventually be incorporated. For this reason, the

Handbook is provisional only.

No. 8. “ The Duties of Air Raid Wardens ” (2nd Edition), là. (3d.)

Gives an outline of the duties of air-raid wardens, and of the

organisation under which they work.

No. 9. “ Incendiary Bombs and Fire Précautions ” (15/ Edition). 6d. (8d.)

This handbook, though written primarily for instructors, is designed

also to serve as a general textbook on methods of dealing with incendiary

bombs and the résultant lires. Demonstrates how the danger from

incendiary bombs can be minimised, and why this can only be achieved

with the co-operation of the general public and industry.

No. 10. “ Training and Work of First Aid Parties ” (15/ Edition). 6d. (8d.)

Concerns the organisation, training and work of First Aid Parties.

No. 12. “ Air Raid Précautions for Animais " (15/ Edition). 3d. (4d.)

intended for the guidance of persons engaged in the care and

management of animais.
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UK National Archives: CAB 167 1917 27

(THIS DOCUMiyT XS THE PROPERTY OF HIS BRITANMTC MAJESTY^ GOVERNMENT ).

SECRET .

W.P. (Q)(41 )7. OOPYNO. 0 V

Tanuary 15th, 1941 .

ff A R CABINET »

AIR RAID SHELTER POLICY .

Mémorandum by the Minister cf Home Security.

6. Shelter in the home: The Anderson shelter was origihally
tntenaed for indoor uso but for a number of reasons including the
danger of fire an outdoor variant was adopted. Experienoe has
shown that the objections to the Indoor use of the Anderson
or soniewhat slmilar shelter are not so serlous as was thought
and two designs havo been produced whleh can be erected Indoors
wlthout support. Those new types» although they may give slightlj
less protection thon a well covered Anderson shelter out of doors,
would flll the needs of a large section of the public» espeoially
the middle class. One design allows the use of the sheltor aa
part of the furnitçre of the room.

7* I regard sheltors of thls type as of the first importance and
wish to provide them on a big scale» Bach shelter will uso ovor
3 cwt. of Steel and will allow at a pinch two adults and ono to
two children to slecp inslde. For an outlay of about 65»000 tons
of ateel, as a first instalmont» I could thorefore produce
400»000 sheltors with accommodation for at loast 1,000,000
persons* I should wish to complote such a programme within the
first three months of production and thereaftor at a slmilar or
lncreasing rate* From enquirios I bolievo that manufacture can
bo arranged providod Steel ls suppliod and if the Cabinet approves
my pollcy 1 shall require their direction that the Steel be
made available.

10* Conclusions .

I osk for a general ondorsoment of the pollcy I hâve
outlined in thls papor and in particular for the agreoment of
my oolleagues:

(1) that proposais for building shelters of massive
construction should bo rejected;

(ii) that Steel should be made available to oarry out
the programme outlined in parcgraph 7 for the
provision of stoel shelters indoors;

(iii) that the limit of income for the provision of
froo sheltor for insured porsons should be
raised from £250 to £350 por annum»

H.M»

nmsmÆLmmn
Jonuary 15th. 1941 .
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Introduction

Not everyone wants to leave home for shelter. Some people can’t. Lots

of people just prefer to remain in their own house anyway. This inclination

is a natural one. It is a sound instinct too, if some protection can be found

against the collapse of walls and ceilings.

Shelter indoors allows you to sleep at night in reasonable security and in

the warmth and comfort of your house. It also provides handy cover should

there be a sudden raid in the day time.

A direct hit cannot be guarded against in any form of home shelter, but

the risk of such a direct hit is very small compared with that of a bomb
bursting near enough to damage the house or to demolish it. Protection can

be obtained in a house even if a bomb demolishes most of it.

The walls, floors and roof of an ordinary house give quite a lot of protection

against splinters and blast from a bomb. The idea of an indoor shelter is to

make use of this protection and to add safeguards against the other effects

of bombs.

The chief of these is the danger of the house falling down. People hâve

often been rescued unhurt from the ruins of demolished houses because they

had taken shelter under staircases, or tables, that had by chance been strong

enough to protect them from the falling ruins of the house. The chief purpose

of the indoor shelters described in this pamphlet is to protect the occupants

against injury when the bedroom floor, the roof and other débris fall on them.

They do not provide such easy emergency escape as a garden shelter, but

if you are trapped they protect you from the débris till the Rescue Party

releases you. Very often, however, though the house has fallen you will be

able to release yourself and walk out.

The indoor shelters with which this pamphlet deals are unsuitable for

houses with more than two storeys above the shelter room. They are intended

chiefly for use in ordinary two-storey houses, but hâve a margin of strength

that will take the weight of an extra storey.

3



TYPES OF INDOOR SHELTER

Having chosen and prepared your refuge room, the next question is what

sort of a shelter you will put in it. Three alternatives are dealt with in this

pamphlet :

1. The Government Steel indoor shelter

2. A commercially made shelter

3. A home-made timber-framed structure which the technical services of

the Ministry of Home Security hâve designed.

Government shelters

The Government are distributing free to eligible householders an indoor

shelter made of Steel. It will also be on sale to householders not eligible for

free shelter. These shelters, whether free or on sale, will be distributed first

in the more exposed areas. Public announcement is made in each area when

the local council is ready to receive applications for shelters.

The model at présent being issued consists of a strong frame, a fiat top, a

spring mattress forming a floor, and sides of open mesh.

The top of the shelter is sheet Steel, and the shelter can be used as a table.

The mattress is attached to the frame, so that should the shelter be moved

when sjruck by débris, the occupants will be carried with it. The fact that

the shelter can move a little helps it to resist the weights falling on it. The

four steel mesh sides are so made that they resist blows from débris, stich as

loose bricks from a demolished wall, but they can ail easily be opened from

inside. This “ table ” shelter has been thoroughly tested.

The shelter will be supplied in sections and you must put it together your-

self. This does not require any spécial skill or strength. A leaflet of simple

instructions, and the necessary tools, will be supplied with the shelter.

10



ILLUSTRATION NO. 8.

The house in the upper photograph had a Government Steel

table shelter in a downstairs room and was blown up to

reproduce the effect of a heavy bomb falling near. The

whole house collapsed, burying the shelter under débris.

In the lower photo the shelter can be seen still intact. It

would hâve been possible for anyone in the shelter to get out

unaided.

II





ILLUSTRATION NO. 12.

timber. illustrations nos 12 and
^

13 show how it goes into a refuge p
room. As, however, squared timber is

|
more difficult to get, the use of round

pôles, as shown in illustration t

no. 14, is specially recommended 9

(Pôles of larch and Scotch fir can A

be obtained fairly easily in many 9

districts.) illustration no. 15 1

shows how this is put together. A 9
refuge room with a framework of

this kind to hold up the floor, and a

properly barricaded window, gives a p
high degree of safety. It is best to

**

sleep in the middle of the room under

the framework, as there is less chance

of your being hurt if parts of the ?

wall fall inwards, though walls more

The framework is quite different in principle from propping up

When a floor falls it gives a sideways push which is likely to knock prc

The framework is specially designed to be self-supporting and to w

ILLUSTRATION NO. 13.

Plan of a typical refuge room with an independent timber framework

The room is the same as the dining room in Illustration No. i.

Ceiling over

Door fastened ç>pen

o; removed

Approx 2 distance

between walls



UPPER FLOOR

Top of beams in contact with

hng or a few mches below

Hoop iron strap

Blocking piece

S" diam. Post

GROUND FLOOR

Fioor joists

&
A Posls laken

down through fiooi

lo concrète and

nailed lo iloor joist

Hoop iron strap

screwed to post and sill

ILLUSTRATION NO. 14. Alternative construction of timber framework to that shown
in Illustration No. n. Round pôles are used instead of squared timber.

this. You can make the framework in several ways, so long as the general prin-

ciples given here are followed. The dimensions should be such that the posts

stand at a distance from the walls approximately one quarter of the width
or length of the room ; thus, if the room is io ft. wide by 12 ft. long, the posts

will be about 2 ft. 6 in. from the side walls and 3 ft. from the end walls. The
dimensions can be varied a little if necessary, but do not overdo it.

The posts may either be passed through small openings in the fioor boards





to bear on the solid concrète below, or fixed to a beam or heavy plank screwed
to the floor, as shown in illustration no. ii. If the space under the
floor is deeper than 18 in. the posts must extend down to the concrète. The
two highest beams of the framework must be placed at right angles to the
ceiling joists ; their ends should not be nearer to the walls than about 6 in.,

so as to be safe from the chance of being struck heavily by the wall should
ît collapse. You can tell which way the ceiling joists run by observing the
line of nails in the floor boards in the room above. The beams of the frame-
work need not touch the ceiling, but they should not be more than 2 or 3 in.
below.

Falls of ceiling plaster seldom cause serious injuries, but plaster can be
brought down by blast, even if the walls and floors are not damaged. It is

a simple matter to catch the pièces of plaster by fixing a layer of wire netting,
fishing net, or something similar, over the top of the framework, and fixing
it to the walls ail round the room. Dust sheets, paper, etc., spread over the
netting will prevent most of the smaller pièces coming through the netting.
If you cannot get a strong netting, a canopy can be arranged by means of a
dust sheet or bed sheet, supported on cords stretched tight from wall to wall
over the framew’ork.

The construction of the framew’ork is a straightforward job, involving not
much more than a saw', hammer and nails. The amateur carpenter or handy-
man should be able to do it with someone to help him put up the framework
in the room. As none of the pièces of wood is as long as the dimension of the
room along which it is to be placed, there should be no difficulty in getting
everything into the room. Any local builder or carpenter would be able to do
the job in a day or twro, using the illustrations as working drawings.

Malerial

As rough timbers in 5 in. to 6 in. diameters are not much in demand
persons requiring material for A.R.P. purposes should not, as a rule, expéri-
ence difficulty in obtaining the necessary permit from the Ministry of Supply,
Timber Control Department, for the purchase of small quantities. The
same applies to “ limbs ” in home-grown hardwoods, which are also available
in many areas. The Timber Control Orders permit a purchaser to buy up to
205. worth of timber per calendar month without a licence. Amounts in
excess of this require a licence, which can be obtained from the Timber
Control Area Officer.

ILLUSTRATION NO. 18. e house °n the right had a timber framework in the front sitdng room. The frame-work has siightly twisted but held up the débris. The house on the left bas no frameworkand has collapsed. This was an «périment similai to that in Illustration No. 8.

18



As there are only about 12 eu. ft. of timber in a ceiling support as shovvn

iniLLUSTRATiON NO.il, suitable for a room measuring up to 12 ft. by 12 ft.

by 9 ft. high, it should not be a difficult matter for anyone to obtain the small

quantity of green timber required, especially if a tree, or part of one, is

purchased before it is felled, so as to obtain as much timber as possible within

the 20s. limit. Alternatively, it is possible to obtain from some Local Authori-

ties timber of suitable sizes salvaged from bombed houses.

Obtained in the ordinary way, the timber for a single framework costs

about £4 ; to this must be added the cost of transporting it to your housc.

The same amount of salvaged timber should cost from £\ to £3, but will

probably need cutting to the right sizes ; transport costs will be extra to this.

How to obtain skilled advice

For a fee of half a guinea, a consultant appointed by one of rhe professional institutions

of architects, engineers or surveyors will inspect your housc and give you a written report

stating the best room for a refuge in your house and describing ways within your means

by which the protection it gives can be improved. If you want the services of such a

consultant ask your Local Authority to show you a list of consultants from which you can

choose. If your local council has no such list, you can apply for information to the

Secretary, Central Board of Advisory Panel of Professional Consultants,

1-7 Great George Street,

Westminster,

London, S.W.i.



ALWAYS HAVE YOUR CAS MASK

WITH YOU — DAY AND NICHT

LEARN TO PUT IT ON QUICKLY

PRACTISE PUTTINC ON YOUR CAS MASK

1. Hold your breath.

<To breathe in gas may be fatal.)

2. Hold mask in front of face,

thumbs inside straps.

3. Thrust chin well forward into

mask. Pull straps as far over head

as they will go.

4. Run finger round face-piece
taking care head-straps are not

twisted.

MAKE SURE IT FITS
See that the rubber fits snugly at

sides of jaw and under chin. The

head-straps should be adjusted to

hold the mask firmly. To test for

fit, hold a piece of paper to end

of mask and breathe in. The paper

should stick.
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AN ANALYSIS OF 259 OF THE RECENT
FLYING-BOMB CASUALTIES

BY

R. C. BELL, M.B., M.R.C.S.
Résident Surgical Officer to an E.M.S. Hospital

In ail we dealt with 222 out-patients and 259 in-patients,

with 18 deaths. Our story began in June, 1944, when the

first large incident occurred near by. Twenty-six casualties

were admitted and 12 required theatre treatment. This propor-
tion remained fairly constant throughout the sériés. Alfogether
we had 83 theatre cases out of 259 admissions, and had to

send 35 cases on untreated, most of whom required the theatre.

In this first incident no fewer than 16 of the casualties were

due to flying glass. It was noticeable how the proportion
of glass injuries dropped as the importance of taking adéquate
cover was realized, while the percentage of crush injuries

increased from people being trapped by falling masonry.

A. Flying Glass

This was the most frequent cause of injury, totalling over

100 casualties in ail. Many included severe damage to the

eyes. It is noticeable that most of the injuries were above
the nipple line, chiefly of the face and neck : a large proportion

were received when looking out of Windows—a modem version

of curiosity killing the cat. We had five cases of perforating

wounds of both eyes and ten perforating wounds of one eye.

The globe was usually completely destroyed. Many of these

injuries were avoidable, and therein lay their great sadness.

The penetrating power of flying glass is, in the main, low.

It is unusual for it to pierce the deep fascia: usually it lies

just under the skin in the fat, but when présent in hundreds
of pièces it présents a problem which has not yet acquired

a satisfactory solution ; nor has the condition made its way into

the textbooks of war surgery.

Table I.—Glass

Description No. Remarks Deaths

Lacérations of face, scalp, and neck .

.

77 19 T
Perforating wounds of eÿe 15 5 cases bilateral

2 T
Cut hands 9

Am J.

Severe multiple lacérations 6 1 T
Other injuries 5 "

~
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Structural Defense, 1945, by D. G. Christopherson, Ministry of
Home Security, RC 450, (1946); Chapters VIII and IX (Confidential). National Archives
Chapter VIII summarizes the literature on the design and HO 195/16
types of British shelters and analyzes their effectiveness.
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November 1940 design by C. A. Joy, M. Inst. Me. & C. E.,

Bexley Borough Engineer (UK National Archives: HO 205/257)

ANDERSON SHELTER
(Indoors to avoid groundwater

flooding, damp and cold)

4.5" partition

wall

9" wall

Floor boards
and joists

4" x 2"

4.5" sleeper
wall

6" site concrète

MORRISON SHELTER

(indoor table shelter)

4" x 2" floor joists

Table shelters allowed escape from any
side easily, reducing fire risks

Patent spécification by Prof. John Fleetwood Baker,

Ministry of Home Security (National Archives HO 356/10)



PROOF-TESTED WOODEN VERSION OF MORRISON INDOOR TABLE SHELTER

UK Home Office Research and Experiments Department Bulletin C21,

22 August 1941

This wooden table shelter used "salvage timber from blitzed houses of which

20 shillings worth could be bought per month without a licence, ... the

recommended material. ... The cost of materials including nails and tire

retarding paint varied from £3 to £4. 10s ... This shelter passed the Research

and Experiments Department's tests with flying colours." - Lord Baker,

Enterprise versus Bureaucracy: The Development of Structural Air-Raid

Précautions During the Second World War, 1978, p80.

PROOF-TESTED OUTDOOR ABOVE GROUND WOOD AND EARTH SHELTER

No casualties

in test at 20 ft

(250 kg TNT)

(Minor damage
to shelter from
the crater débris)

This above ground shelter

is safe against ground water
flooding that occurs in winter

to underground shelter/trench.

UK Home Office Research and Experiments Department Bulletin C26,

Timber shelters for countries where timber is plentiful and steel difficult

to obtain, April 1942. This is a surface (not underground) wooden shelter

with 2.5 ft earth fills in the gap between two wooden walls, and on roof.

NOTE: UK Home Office civil defence department was the "Ministry of Home Security" in wartime.
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Type 2 indoor Morrison shelter

UK Home Office, “Domestic

Nuclear Shelters: Technical

Guidance,” Fig. 80, 1982:

Fallout radiation

is shielded by
dense materials

on and around
shelter



UK National Archives: HO 192/909

Morrison shelter surviving 250 kg direct hit on 12 March 1943

on house at 10 Fore Street, Salcombe (Mrs Hannaford)



ILLUSTRATION NO. 8.

The house in the upper photograph had a Government Steel

table shelter in a downstairs room and was blown up to

reproduce the effect of a heavy bomb falling near. The

whole house collapsed, burying the shelter tmder débris.

In the lower photo the shelter can be seen still intact. It

would hâve been possible for anyone in the shelter to get out

unaided.
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Morrison shelter saves lives of Mr McGregor pictured

beside Morrison shelter, as well as his wife and lodger, in

collapsed house, York 1942 air raid
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Fig. 46.—Protection of window opening with sand-bags.
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ALTERNATIVE SECTIONS OF LOCKSHEET STEEL SHELTERS

Fig. 77.—Costain’s locksheet steel shelters.A, enlarged section of lock-

sheet steel ;
B, constructed in deep trench and covered with

concrète, earth and rubble ;
C, constructed in deep trench and

covered with earth and rubble ; D and E, partly underground,
and F, in area of building.
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before and after évacuation. It would therefore appear that

allowing for a certain necessary amount of duplication of

shelter accommodation, provision should be made ultimately

for the following protection :

—

Table LI

Population.
,Cost per
capita.

Total cost.

Principal danger zones requiring

shelters proof against heavy
bombs ..... 4,000,000 £30 £120,000,000

(Allowing for 33J per cent, addi-

tional accommodation for use

before évacuation.)
Medium danger zones requring

shelters proof against small

bombs ..... 20,000,000 £10 ^200,000,000

Outskirts oftownsrequiring splinter-

proof protection 8,000,000 £5 £40,000,000

(Allowing 14 per cent, additional

accommodation
. )

Rural districts requiring no spécial

protection .... 15,000,000

TOTAL POPULATION FOR
WHICH SHELTER ACCOM-
MODATION ISNEEDED . 32,000,000 £360,000,000

It is probable that a fair percentage of shelters, especially

of the light bomb and splinter-proof type, can be provided by

the adaptation of existing premises, thus reducing materially

the total cost of new work. Against this saving has to be set

the costs of transportation, temporary housing and general

provisioning of the evacuated population.

On the whole, therefore, a total national expenditure approxi-

mating 300 millions sterling will be incurred in the adéquate

passive defence of the civil population of the British Isles.

That this expenditure shall be as productive as possible it

will be necessary to ensure that the highest possible proportion

of shelters are constructed for the dual purpose of some peace-

time use and the assurance of protection in emergency:

Public money will be expended as well as a great deal of

private money, but the very nature of the construction will

render shelters less vulnérable than ordinary buildings in air

C.D. R
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A peace-time utilisation of an air-raid shelter might therefore

render the “ addition or improvement ” liable to taxation.

EVACUATION

Evacuation necessarily forms an important part of any

general scheme for passive defence and the French plans are

worthy of considération.

In 1936 the French Government issued a handbook on

évacuation, and the following extracts and notes are of

interest.

There is no doubt that the orderly and methodical execution,

at the time of need, of a plan of évacuation which has been

carefully prepared in every detail during peace time is calcu-

lated to save a great number of human lives. Such a resuit

makes it worth while to make every effort to préparé such a plan,

in spite of ail difhculties that may be encountered. The general

scheme proposed by the French handbook recommends :

—

“ (1) Ail persons who will leave the town voluntarily should

be encouraged to do so.

“ (2) Permanent évacuation of the people unimportant from

the military or administrative point of view into the

country districts.

“
(3) Evacuation of people whose relatives must remain in

the town, to places nearby.

“
(4) Nightly évacuation of people who must work in the

town.

“
(5) Shelters to be provided for ail people who must remain

in the town.
“ These plans must be formulâted by the mayor of the town,

and he must arrange with the local authorities of the villages

how many refugees each village can accommodate. The order

for évacuation will be given by the Government before they

issue the order for the mobilisation of the armed forces.

“ It is proposed that each person should hâve an évacuation

ticket at the outbreak of a war and these tickets are already

printed.
“ Such a ticket would read as follows :—

-

“
‘ Mr. X. is instructed to take the 8 p.m. train this

evening from the Gard du Nord for Amiens. He is to take
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with him his wife and four children, travelling in seats

Nos. 37-42 inclusive/
”

In this country detailed arrangements are not yet disclosed

but Sir Samuel Hoare, in the House of Commons on June ist,

1938, explained that time-tables had been worked out to move
3,500,000 people by rail fifty miles from London in seventy-two
hours, without train tickets. Evacuation is obviously a more
effective passive measure than the provision of shelter accom-
modation but complété évacuation is not possible.

It would probably be safe to assume that ail children under
the school-leaving âge, babies and their mothers, old people and
invalids, amounting to about 25 per cent, of the urban popula-
tion, could be permanently evacuated to areas requiring no
spécial protective measures.

Ail specially dangerous locations might also be vacated
except for a permanent cadre of key men, thus possibly

accounting for another 10 per cent, of the population.

The central zones of cities and areas near military objectives

would need the highest degree of protection and the outskirts

splinter-proof protection.

The difficulties attendant upon évacuation would cause
delays in its execution and it would therefore be necessary to

provide shelter protection on a crush capacity basis for larger

numbers at the outset.

It would consequently appear that the distribution of

the urban population would be adjusted in an emergency
somewhat on the lines indicated below:

—

Table LII

Approximate Day-time Distribution of Urban Population

Before évacuation. After évacuation.

Principal danger zones 13,000,000 3,000,000
Medium danger zones 22,000,000 20,000,000
Outskirts of towns . 10,000,000 7,000,000
Rural districts Nil 15,000,000

Totals 45,000,000 45,000,000
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REPORT.

INTRODUCTORY.
In a statement made on behalf of the Government on air

raid shelters in the House of Gommons on 2ist December, 1938,
the Lord Privy Seal announced that it was a part of the policy

that the protection for the ordinary citizen should be arranged
in or close to his own house.

Ways and means for giving effect to such policy had already
been under spécial considération and the outline of a design
had been recommended by a panel of Consulting Engineers.*
The essential features of the design were that the shelter could
take four to six persons, provide the standard protection against

air attack short of a direct hit, be capable of rapid mass pro-
duction, be easy to store, pack and transport, and not difficult

to erect. Moreover, the suggested shelter was compact, durable,
required little or no upkeep and compared favourably in prime
cost with other designs.

War time expérience of the “ éléphant
”

type of métal shelter

had suggested the form the design might take, and with the
valuable help of the British Steelwork Association every item
was minutely examined from the aspect of ease and economy
in production. Test models were produced on the basis of a
sectional arch using galvanised corrugated mild steel sheets of
heavy gauge.

PHYSICAL TESTS.

(a) Dropping load, and dead load tests.

The next step was to subject these models to physical load
tests at the works. It was found that 14 gauge mild steel with

5 inch corrugations about ij inches deep, provided a sheet
which, when curved to a radius of 2 fëet 3 inches, formed a
remarkably strong and simple cover.

Loads of bricks and stone of from ij to 2 tons were dropped
from heights up to 25 feet on to the trial shelters without any
earth covering, while in a dead weight test a load of 75 tons
of pig-iron was piled over the bare shelter. In neither case
was there sign of failure.

These works tests gave enough prima-facie evidence of the
strength of the design to warrant carrying the tests to a more
crucial stage.

* Mr. David Anderson, LL.D., B.Sc., M.Inst.C.E., Mr. B. L. Hurst,
M.Inst.C.E., Sir Henry Japp, K.B.E., M.Inst.C.E.



3

(b) Explosion tests.

By this time the design was to ail practical purposes identical
with the illustrations contained in the “ Directions for the érec-
tion and sinking of the galvanised corrugated steel shelter

”

issued in February, 1939. It will be realised that the shelter
is in essentials a steel hood, covered by earth, partly sunk in
the ground and resting on a steel framework. It has an
entrance and an emergency exit. For résistance to crushing
by débris from damaged buildings the shelter dépends firstly

upon the earth covering to distribute the blow and secondly
upon the strength of the steel hood. The steel framework
prevents the hood from being driven down into the ground or
shifting sideways. The earth covering also constitutes the pro-
tection from bomb and anti-aircraft shell fragments, machine-
gun bullets, and the light incendiary bomb. The mere fact
that the shelter provides an enclosure affords a protection
against blast, and this is helped by the sinking of the shelter
in the ground, which incidentally reduces the area, and par-
ticularly the height of exposure to latéral attack by bomb frag-
ments.

The explosion tests, about to be described, were designed
to discover to what extent the shelter gave protection against
splinters and blast from high explosive bombs. Both these
tests and those described later were supervised by the Superin-
tendent of Experiments, Shoeburyness, under the auspices of
the Ordnance Board.

After a preliminary trial with one shelter, tests were so
arranged that they included the following variations in

conditions:

—

Distance of shelter from the bomb—50, 25, 15 and 10 feet

—four shelters at each distance.

Deptli of floor of shelter below ground surface—3 feet and
1 foot-^eight shelters at each depth.

Position of bomb— (i)with nose touching the ground sur-
face; (ii) with nose sunk 4 feet below the ground surface.

Position of shelter with reference to bomb—Twelve
shelters broadside on, and four shelters with the closed end
(i.e. emergency exit end) towards the bomb.

Suitably to présent every- important combination of circum-
stance, it was necessary to use 16 separate shelters. Diagrams
A to C illustrate the disposition of the shelters. In each variation
a sandbag screen wall was built 4 feet from the entrance to the
shelter to represent the protection afforded by the house or
cottage opposite which the shelter should in practice be placed.
The top of the screen wall was made level with the top of the
earth covering over the shelter.



4

In ail, three 500 ïb. bombs were used, the shelters being
disposed round the bomb at the required distances in groups of
four, four and eight respectively.

Over each shelter earth was piled and rammed to give a
cover 1 foot thick on the top of the shelter and was sloped
outwards so that at ground level the thickness was 3 feet. The
thickness at ground level was increased to 4 feet 3 inches for one
shelter at 15 feet from the bomb (No. 3, Diagram “ A ”) and
for another shelter at 25 feet from the bomb (No. 2,

Diagram “ A ”) . The general intention is that the shelter

should hâve a minimum cover of 15 inches on the top, so that

the conclusions to be drawn from the generality of the tests apply
with greater force to shelters covered to the full standard
thickness.

Before describing the effect of the explosion on the shelters it

is important to observe what happened to the ground where the
bomb had been placed. The ground is a sandy loam and sub-
soil water is met at a depth of from 1 to 3 feet according to the

season.

The effect of the explosion, with the bomb at ground surface,

was to score in the ground a circular wide mouthed pit, or crater,

about 16 feet wide and 3 feet deep, and one about twice as wide
and three times as deep when the bomb was sunk 4 feet in

the ground.

Diagram Depth of nose of bomb Diameter
of crater

Depth
of crater

k Date
of trial

Feet. Feet.

“A” & “B" Nose of bomb touching the
ground.

16 3 : 23 . 1.39

“C” Nose of bomb sunk 4 feet

in the ground.
30 9* 23-1-39

Some idea of the force of the explosion can be gathered when
it is calculated that the weight of earth blown into the air

(Diagram “ C ”) was about 110 tons.

The effect of the explosions on the shelters was as foliows :
—

At a distance of 10 feet from the bomb ail four shelters

within that range were wrecked, whether the bomb was on
the surface or sunk, and whether the floor of the shelter was

3 feet or only 1 foot below the ground surface. An ex-

plosion occurring at a distance of about 10 feet must be
taken as équivalent to a direct hit. At a distance of 15
feet ail the shelters were wrecked by the bomb sunk 4
feet in the ground, but in the case of the surface bomb
the shelters were only slightly damaged at the end nearest

the bomb and perforated by fragments near the top. At

25 feet, with the sunk bomb, no damage occurred to any
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shelter except some slight displacement of earth. At 25 feet,

with the bomb on the surface, no damage occurred to

shelters sunk 3 feet in the ground except slight disturbance

of earth covering. One of the shelters sunk 1 foot in the

ground was slightly crushed at the side nearest to the bomb
and perforated by three fragments at heights of 4-5 feet

above floor level. At 50 feet there was no damage except

for some disturbance of the earth covering on near side.

Hence these full scale explosion trials hâve shown that at a

distance of 50 feet the fabric of the shelter is not damaged by the

explosion of a 500 lb. medium case bomb whether the bomb
explodes at the ground surface or sunk to a depth of 4 feet

below the surface, and whether the shelter floor is 1 foot or

3 feet below the ground.

In addition to this sériés of tests a démonstration was given

before représentatives of the Press in which two shelters were

exposed not only to blast and bomb fragments from a 500 lb.

bomb but also to the collapse of a brick building alongside. The
shelters were 36 feet from the bomb, and were placed broadside

on, and they were 6 feet from brick buildings representing a

house. The nose of the bomb was sunk 18 inches into the ground.

After the explosion of the bomb it was seen that no damage
whatever was caused to the shelter itself, although small portions

of the earth covering the steel structure were disturbed.

PHYSIOLOGICAL CONSIDERATIONS AND TESTS.

The explosion tests hâve shown that, apart from disturbance

of the earth covering, the fabric of the shelter, if installed as

recommended, is not injured by blast from the explosion of a

500 lb. bomb bursting even as close as 25 feet. The important

question which will now be dealt with is that of the effect of

blast* on persons within the shelter.

This has been tackled from two separate directions, by instru-

mental measurement of pressures inside and outside the shelters,

and by direct experiment on animais.

Sensitive instruments hâve recently been introduced which

record on a photographie film by means of an electrically

operated mechanism the variation in the intensity of the blast

pressure wave as it passes. These pressure-time curves, so

obtained, hâve made it possible to analyse the blast effects with

a considérable degree of précision. In the Table below the

figures are collected of measurements recorded by these means.

In conjunction with this Table reference is made to Diagram

* The characteristics of blast are described in A.R.P. Handbook No. 5,

“ Structural Defence,” Chapter II.
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“ D ” which shows the position of the shelters mentioned by
letter. It may be noticed that, while some of the shelters were
placed behind other shelters, this alignment would, in the case
of blast, confer no protection.

These measurements would only hâve relative value unless it

were known what pressure could be safely borne by human
beings. Fortunately it is known from other service expérience
that a pressure up to 5 lb. per square inch is safe. From the
Table it will be seen that in the open air outside a shelter at a
distance of 30 feet from a 500 lb. medium case bomb exploding
on the ground surface the pressure is about 20 to 24 lb. per
square inch, but inside a shelter whether the door is closed or
open and whether the shelter is placed end on or sideways on
to the bomb the pressure is less than 5 lb. per square inch. At
50 feet the pressure in the open is about 6 lb. per square inch
and inside shelters in the same relative positions it is 1 lb. per
square inch or less.

It is considered that these pressure measurements afford

reliable evidence of the protective value of the shelter against
blast pressure, and show that persons within shelters placed, in

accordance with the directions, so that the entrance is facing a
house or a screen wall can safely be exposed to the blast from a
500 lb. medium case bomb bursting in the open on the ground
surface, or below it, at a distance of, or exceeding, 30 feet.

BLAST PRESSURES INSIDE AND OUTSIDE SHELTERS.

Position
I

Distance
from Bomb

Maximum
Pressure

In open, outside shelters M.C. J.G.

Feet.

15

Ib./sq. in.

Probably

Inside shelter J, side on to bomb, door open 15

about 50
12-16

Inside shelter G, end on to bomb, door open 15 7
Inside shelter C, side on to bomb, door closed 15 6
Inside shelter M, end on to bomb, door closed 15 4
Outside shelters B, E, H, L, in open ... 30 20—24
Inside shelter L, side on to bomb, door open 30 4i
Inside shelter B, end on to bomb, door open 30 3
Inside shelter E, side on to bomb, door closed 30 2
Inside shelter H, end on to bomb, door closed 30 i*
In open, outside shelters A.D.F.K. ... ... 50 6
Inside shelters, A.D.F.K. ... ... ... 50 O-I

With the cbject of obtaining direct evidence of the physio-
logical effects of blast an experiment was carried out on 27th
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April, 1939, under the supervision of Sir Joseph Barcroft* and
with the co-operation of officers of the Chemical Defence
Research Department, the Medical Research Council, and the
Royal Army Medical Corps.—Goats and rats were exposed to
the blast from the bursting of a 500 lb. medium case bomb,
placed vertically with its nose resting on the surface of the
ground. Some of the animais were in the open, others were in
the shelters. The shelters were arranged in three rings, 15 feet,

30 feet, and 50 feet respectively, as shown in Diagram “ D
Two goats were tethered inside each shelter standing on floor

boards, and one goat was tethered outside the shelter stand-
ing in a trench about 1 foot deep. f Six rats were placed inside
each shelter in cages which were raised on sandbags about a
foot above the floor-boards. Three rats were placed outside each
shelter, raised about a foot above the ground on sandbags.

The findings hâve been summarised as foliows :
—

Inner ring goats.

Four outside the shelters .1—Ail showed injury to the lungs, the
lésions being more consistent with sudden distension of the lungs
with air than external pressure on the ribs.

Eight inside the shelters.—Seven goats showed no
abnormality; the muscles of one shoulder of one goat were
bruised, due possibly to the end of the shelter having been
slightly blown in against the animal.

It thus appears that the goats situated outside in the inner
ring suffered damage to the lungs, presumably due to blast.

No damage, apart from the bruise mentioned, occurred to any
goat within a shelter.

Middle ring goats.

No damage appears to hâve been done to the 12 goats either

outside or inside at 30 feet from the explosion.

Outer ring goats.

Four outside the shelters.—Three goats were normal. In one
goat evidence of oldj intrapulmonary haemorrhage was found,
but it was slight in degree.

Eight inside the shelters.—Seven goats were normal. In one
goat the remnants of oldj small intra-alveolar haemorrhage were
found.

Inner ring rats.

Outside the shelters the rats suffered considérable damage.
This may be the resuit of the collapse of sandbags on the animais.

* Professor Sir Joseph Barcroft, C.B.E., D.Sc., F.R.S.

f The goats tethered outside the shelters on the 50 feet circle were
standing on the ground surface.

t The adjective “ old ”, as opposed to " fresh ”, is used to indicate a condi-
tion which does not appear to owe its existence to the experiment.
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Inside the shelters the rats showed no ill effects, nor suffered

any lésions, with the exception of one rat which was not killed

for post-mortem examination until I5th May, when evidence

was found of fresh* intra-alveolar haemorrhage. No explana-

tion for the findings in this rat is readily available.

Middle ring rats.

None showed abnormality, except one which had traces of an

old* haemorrhage.

Outer ring rats.

Outside the shelters.-^Two rats only showed signs indicative of

pulmonary haemorrhage when killed on I5th May for post-

mortem examination.

Inside the shelters.—One rat only showed any damage and

that not severe, to the lungs.

GENERAL CONCLUSIONS.

A—Animais situated outside the shelters, in the inner ring

15 feet from the 500 lb. bomb, received the greatest damage.

The lésions were situated in the lungs and their character sug-

gested trauma foliowing sudden distension of the lung. Animais

outside the shelters, in the middle and outer rings 30 feet and

50 feet respectively from the bomb suffered relatively little;

again the damage was pulmonary.

B.—It is noteworthy that little damage occurred to animais

situated within the shelters in any of the three rings. Of the 24

goats exposed in the shelters not one suffered from blast. Of the

72 rats the lungs of two only showed lung lésions—the cause of

these was in doubt.

* The adjective “old”, as opposed to “fresh”, is used to indicate a

condition which does not appear to owe its existence to the experiment.
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THE MAN IN THE STREET 67

So far was ail this from panic that it took
three months for the population of the

twenty-eight central boroughs to drop by
about 25 per cent, from a little over 3,000,000
(the figure l>efore heavy bombing began) to

2.280.000 at the end of November. In a
group of the most heavily bombed eastern

l>oroughs the pre-war population of 800,000
had i'allen to 582,000 before the blitz began

;

for four rnonths it had dropped steadily to

444.000 ;
by 31 st December a fall of 23 per

cent. These figures do not spell panic, and
a lurther substantial fall in 1941, after con-

tinuous heavy raiding had ceased, complétés
the evidence that those who went did so in

cold blood, for practical reasons as valid

for their hard-pressed city as for
. their

private selves.

But what did ail this mean to the average

Londoner ? In November, inner London
(the county) contained some 3,200,000
people. Not more than 300,000 of these

were in public shelter of any kind, half of
that number at most in those larger shelters

on which the limelight shone so exclusively.

Nor is this ail
; in domestic shelter (Ander-

sons, small brick shelters and private rein-

forced basements) there were no more than
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1,150,000 people. Thus of every hundred

Londoners living in the central urban areas,

nine were in public shelter (ofwhom possibly

four were in “ big ” shelters), 27 in private

shelter, and 64 in their own beds—possibly

moved to the ground floor—or else on duty.

Particular big shelters, and for a few nights

the tubes, were overcrowded, but there was

public shelter for twice the number who
made use of it. In outer London, with a

population of some 4,600,000, there were in

November 4 per cent, in public shelter,

26 per cent, in domestic shelter, and 70 per

cent, at home or on duty.

In the last great war there had been out-

bursts of hâte against the distant enemy,

and shops with German names had been

wrecked. This time the citizens did not

stop for such things. After the first shock

of réalisation they found no more need for

direct récrimination than does the soldier.

Like him, they got on with the job and
waited their chance. Neither in this nor in

any other way was there a sign of instability
;

no panic running for shelter, no white faces

in the streets (though plenty of taut, grim

ones), no nerve disease. In ail London, the

month of October saw but twenty-three

neurotics admitted to hospital. The mind-

doctors had rather fewer patients than usual.
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WHAT YOU CAN DO WITH AN ANDERSON
As comfortable as a ship's cabin, with two upper berths and two lower. Mr. Stuart
Murray , PICTURE POST reader, bas converted his shelter into a satisfactory sleeping

place. The pictures below show you how he did it.

(Picture Post, 1940)

Why not be

COMFORTABLE ?
Long winter nights are ahead. With a little in-

genuity you can make them tolerable by fitting

your Anderson shelter with home-made bunks.

A MONTH ago wc published a lcttcr from a reader,

Mr. Stuart Murray, suggesting how an Anderson shelter

could bc made fit not only for protection, but for a nights
slcep. Wc passcd on his suggestion, and a number ofother rcadcrs
wrote in to ask for a fuller explanation. Here it is. Our photo-
grapher went down to Mr. Murray’s home in Croydon and took
these pictures showing how, with a little ingenuity, he has tumed
his shelter into a family bedroom. Some lengths of timber, and
a few yards of chicken wire netting are ail the extra materials
that are needed. Most people will find it easy to get hold of the
small quantities required for the bunks. Bedding, and any extra
comforts you need imported from the house, will make the shelter
a good deal more tolerable for an all-night session. It costs very
little. It is not a difficult job. And, once donc, it will mean a
good deal to the health and nerves of yourself and your family.

I

Take some pièces of 2 in. by 2 in. timber. Cut them to lengths of
6 ft. 6 in. and 22 in., the first measurement giving the length, the

second the width for the framework of your bunk. Over this

stretch and fix doubled chicken wire, with an extra thickness

in the centre where it is most likely to sag.

Every Anderson shelter has a Steel girder. You build your upper
bunk with supports that rest on tiw girder. The top bunks are

4 ft. from the floor, the lower bunks 18 ins. You can do your
carpentering in the garden outside the shelter, and slip the finished

bunks endways in through the door.

32

3
The top berth is hoisted into place. When
the wooden support rests on the métal

girder it allows ample breathing space

betuven the upper and lower bunks.

For comfort. Packing-case boardingfixed
at un angle provides substitute bolster on
which pillow rests. Shelves nailed between

bunks add to steadiness.

5
And so to bed. Your timber and chicken

wire frame work, transformed with

blankets and pillows, becomes, if not a

bed of roses, a tolerable resting-place.
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RESTRICTED

FIELD ENGINEERING
AND MINE WARFARE

PAMPHLET No. 9

BOMB RECONNAISSANCE AND PROTECTION
AGAINST UNEXPLODED BOMBS

INTRODUCTION

1. Despite the advent of the atomic bomb and advances which
are being made in other forms of aerial warfare, it is probable that
missiles similar to those employed in the 1939-45 war will still be
used in any war occurring in the near future. Many of the difficultés
to be met will therefore be similar to those of the past.

2. It must be realized that the dangers associated with an air raid
do not necessarily cease when the planes hâve passed on. In a
large scale raid at the end of the 1939-45 war 5,000 or more high
explosive bombs might be dropped within a few square miles. Up
to one tenth of this number might fail to explode—a proportion
because they were designed for delayed action and the remainder
because of mechanical defects or through errors made by armourers
or the air crew. These 500 or so UXBs together with unexploded
incendiary bombs, flares, photographie flashes, aircraft ammunition,
AA shells and other AA devices constituted a considérable post-
raid source of danger and a formidable problem.

The aims of this pamphlet are :

—

3. (a) to enable ail arms to detect the presence of unexploded air-
warfare missiles and appreciate the dangers associated
with them, so that :

—

(i) measures may be taken for the protection of personnel,
equipment, vital structures and services,

(ii) adéquate information on which to base plans for dis-
posai may be passed speedily to higher authority,

{b) to enable Royal Engineer units (other than Postal,
Movement Control and Survey units), where opera-
tionally necessary and where no bomb disposai units
are available, to gain access to and to dispose of
unexploded air-warfare missiles.
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Fig 2.—Construction of a typical HE bomb
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Markings and colouring

3. The basic colouring usually indicates the nationality of a
bomb. Spécial markings and colour codes on the bomb body and
tail are frequently used to show the type of filling and the intended
function of the bomb.

Section 5.—THE MAIN FILLING AND THE EXPLODER
SYSTEM

The main filling

1. A powerful but comparatively insensitive explosive such as
TNT is used for the main filling of high explosive bombs. It may
be in the form of a solid, a powder, or the two in combination. A
bomb containing only a main filling, is not dangerous if handled with
reasonable care and may be moved without expert supervision.

Main filling Bomb woll

• • • • • I ,

• 0

• T .
Fuza pocket

m*,? * • * * • • •••*•*? #• • & • 0*0 • ® • • #• •
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1
è • i . ^ ®

• • • • Detonator"T7
* • • • © ••

Fig 4.—The e?
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• • •
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• •
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*
• •
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stem ^ eJtlfoùi

The exploder System

2. To detonate the main filling, a bomb is fitted with one or more
exploder Systems (Fig 4). Each complété System is usually housed
in a métal pocket and consists of a fuze*, initiator, detonator and
booster charge. The fuze contains a means of igniting or detonatin 0-

the initiator which provides a flash sufhciently powerful to fire the
detonator. The detonator fires the sensitive explosive of the booster
charge, which in turn détonâtes the main filling.

*Sometimes called a pistol.
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Section 7.—TYPES OF HIGH EXPLOSIVE BOMBS AND
THEIR PROBABLE FUZING

1. Armour piercing bombs

(a) Description .—Bombs désignée!

to penetrate armour or thick
concrète are slender, hâve
sharply pointed noses and
may be fitted with rocket
devices instead of tail units.

The steel wall is very thick,

the proportion of explosive
to the total weight small
(perhaps 7 to 20 per cent),

and the destructive efïect

consequently limited.

(b) Fnzing .—Armour piercing
bombs are always designed
to explode immediately after

passing through the skin of

the target and are therefore

fuzed short delay.

Fig 8.—British 2,000-lb

armour piercing bomb



2. Pénétration bombs

() Description.—Docks, heavy in-

dustrial plant, shipping and
similar targets are best

attacked with small and
medium sized bombs capable
of penetrating into the tar-

gets before exploding. Under-
ground services and the
foundations of buildings in

large cities are disrupted
most by large bombs which
penetrate far into the ground
before exploding (Fig 9).

Bombs designed for both
tasks are streamlined for

accurate aiming and to give
high speeds through the air.

They are thick walled to
withstand the shock of im-
pact. But they are less slen-

der and are thinner walled
than the armour piercing

type. The explosive com-
prises between 30 and 50 per
cent of the total weight.

() Fuzing .—Nearly always short
delay.

Fig 9.—British 22,000-lb
pénétration bomb



(a) Description .—Blast bombs
are not required to pene-
trate and are constructed
of cheap, thin, métal sheet-

ing. They are usually

dropped on area targets

and as they need not be
carefully aimed are rarely

streamlined. Most bîast

bombs are large, weighing
2,000-lb or more. An
example of the type is the
British 12,000-lb “Block
buster” (Fig 10). It is

made up of three four-

foot long métal drums
bolted together and a tail

unit. The explosive con-
tent of a blast bomb may
be over 90 per cent of the
total weight. Parachutes
may be fitted instead of

tail units.

(b) Fuzing.—Proximity, air-

burst, impact or short

delay.
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4. General purpose bombs

[a) Description—The term ‘gen-

eral purpose’ is used here
to describe bombs with
characteristics midway be-

tween those of the blast

and pénétration types.

General purpose bombs
are most successfully used
against fairly dispersed
residential and light in-

dustrial targets. The side

walls are about i to ^ inch
thick and the body is often
welded together.

(b) Fuzing.—Impact and short
delay fuzes are normally
used but if long delay,

anti-disturbance and booby
trap fuzes are employed
at ail, they are most likely

to be fitted in bombs of

this type.

Fig 11.—German 4,000-lb general
purpose bomb



15

Fragmentation bombs

5. (
a

)
Fragmentation bombs are designed for use against men in the

open, soft skinned vehicles, and aircraft. The bomb wall

is invariably thick and may be grooved to increase frag-

mentation. A particularly effective type has a Steel band
wound spirally round a thin inner casing (Fig 12c).

A * OERMAN BUTTERFLY BOMB

ITAUAN THERMOS FLASK BOMB

BOMBCOMMON TYPE

mitèm
vtüp&m

r
1 16 1mCHES

Fig 12.—Anti-personnel bombs

(b) Large ragmentation bombs are designed for use against con-
centrated targets. As they must be aimed they are of

conventional bomb shape and are fitted with normal tail

units or small parachutes. The type of fuzing used will

dépend on the target to be attacked but will be confined

to airburst, proximity or impact.
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Table 1.—APPROXIMATE WEIGHT/SIZE RELATIONSHIP
OF HIGH EXPLOSIVE BOMBS

Total
Type of bomb

weight Pénétration, Blast, Armour
in lb Fragmentation General purpose piercing

L D L D L D

ft in ft in ft in

20 1 4 — — — —
50 — — H 6 — —
100 2 8 2* 8 — —
250 2* 9 2f 10 — —
500 H 12 3Î 14 — —

1,000 H 16 H 17 5 12

2,000 5 20 6 24 H 13

4,000 6 22 8 30 — —
8,000 — — Si 38 — —

12,000 10 38 12 38 — —
22,000 m 46 — — — —

Note :

—

(a) L — Length of bomb body without tail unit.

(b) D — Maximum diameter of bomb body.

(c) To identify type of bomb see paragraphs 1 to 5.

Section 8.—CONCLUSIONS

1. (a) A large proportion of UXBs fitted with' fuzes may explode
if interfered with by persons without expert knowledge.

{b) A percentage may explode if vibrated or subjected to certain
other influences.

(c) A percentage may explode automatically some pre-set period
after falling.
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(a) Forces acting during the pressure phas

i /
BICï' T

Low

Pressure

/

1

(

Normal

Pressure

;

Low

Pressure

-i

Nr: 'L

Fo r c e s acting during the suction phase

Fig 15.—Action of blast on a house
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Effects of blast

3. [a) Normal effects—Blast can seriously damage buildings,
particularly light structures, over a wide area. Walls,
Windows, doors and roofs may be forced either inwards
during the pressure phase (Fig 16) or outwards during

Fig 10.—A wall pushed inwards in the pressure phase
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the suction phase (Fig 17). Independent walls or fences
such as those surrounding gardens may be toppled over.
Trees are often stripped of their leaves and branches (Fig

18) but tree trunks, chimneys, and other well anchored
objects of small surface area .around which the blast can
easily flow are frequently left undamaged quite close
to the explosion (Fig 19).



Am*

Fig 18.—Effect of blast on tree9
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Fig 19.—Chimneys by-passed by blast
Roofs and walls hâve been forced inwards but the chimneys being

small surface area are undamaged

(b) Freak effects

(i) Shielding .—During the pressure phase when the blast

acts only away from the explosion, objects shield one
another. Even very light structures close to the

centre of explosion may be undamaged if shielded

by something substantial (Fig 20).



(ii) Reflection .—On the other hand, blast often causes

damage well outside its normal range while struc-

tures similar to those damaged, although much
doser to the explosion, are unaffected. In a single

Street certain houses at intérvals may be damaged
and others in between them be untouched. Most of

such freak effects are caused by the focusing of

different parts of the wave front by reflection (Fig 21).

Fig 21.—How freak damage is caused by reflection
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TYPE. A
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Type A.—Craters formed by bombs exploding just above, on,

or just below the surface are shallow and the sides clean swept.

The crater is almost free from débris
;
the majority of which is

well broken up and widely scattered. Considérable blast and

splinter damage may be évident in the vicinity.

Type B.

—

Craters formed by bombs bursting at an intermédiare

depth are distinguished by a well marked "shear platform

lying at an angle of about 45 degrees (Fig 29). The débris is in

large pièces and partly back-fills the true crater. Some blast

and splinter damage and possibly a little earth shock damage
may be associated with the crater.

Fig 29.—Type B Crater made by a 4,000- lb bomb
The ground here is soft and the débris has broken up on falling

Type C.—Craters formed by bombs exploding at a considérable

depth hâve a shear platform which is nearly vertical. This

platform is usually obscured however, by big pièces of rubble

which largely back-fill the cavity and leave a deceptively small

crater. Little débris is scattered outside the crater and the

majority of the damage associated with a Type C crater is due
to earth shock.
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Craters and reconnaissance

2. (a) In addition to providing proof of explosion, the three types
of crater described frequently afford evidence from which the
size of unexploded bombs can be calculated. Bombs are norm-
ally dropped in batches or sticks, bombs of one stick are
usually of the same size and land in approximately a
straight line. If therefore, some bombs explode while
others identified as being of the same stick do not, it is
possible to estimate the size of the unexploded bombs
from the dimensions of the craters formed by the remainder
(Table 2).

(b) It is also necessary to distinguish craters formed by explosion
from those created by the impact of large bombs which
hâve failed to explode (Sec 17, para 2).

Table 2—DIMENSIONS OF CRATERS FORMED BY
EXPLOSION

Type
of

Total weight of bomb in pounds
I

— *
! 1

crater 100 500 1,000 2,000 4,000 12,000 22,000

ft ft ft ft ft ft ft

A 9x3 15x5 18x6 26 x 8 33 x 10 — —
B 20x6 33 x 10 45 x 12 56 x 16 74 x 21 103x31 124 x 37

C 15x3 24 x 7 31x8 43 x 10 55 x 12 — —

Notes. 1. The first dimension given in each case is the diameter
[d) and is measured at original ground level (Fig 30).

Fig 30.—Measuring a crater



2. The second dimension is the apparent depth {h) te, to

the surface of the rubble at the lowest point, and is

measured from original ground level.

3. The dimensions given relate to clay soil and should be

multiplied by 3/5 for chalk, sand, or gravel.

Section 14.—CAMOUFLETS
1. When a bomb pénétrâtes beyond a certain depth the force of

the explosion is no longer sufficient to throw out the plug of earth

above it and form a crater. Instead, an underground cavity or camou-

flet is formed.

2. There are two types of camouflet (Fig 31) :

—

mm

mm

Fig 31.—Camouflets

(a) Shallow camouflets .—When the force of the explosion is

almost sufficient to form a crater the earth is lifted into a
mound. The earth surface is invariably cracked.

(h) Deep camouflets .—When a bomb explodes beyond a certain
depth no distortion is évident at the surface.
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Section 17.—ENTRY HOLES

Estimating the diameters of small bombs

1. The diameter of the entry hole is usually about two inches

greater than that of the bomb. For bombs weighing 500-lb or less

which enter the ground cleanly, this measurement can be taken at

the surface (Fig 36) Measurements are given in Table 3.

12,000 22,000500 1,000 2,000 4,000 8,000
Weight

in 100 250
pounds

Diam-
eter of

bombs
in inches

Table .—DIA

g 36.—

Note :— The figures given are for HE bombs of ail nations used
in the 1939-45 war. Armour piercing bombs are excluded.
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7. In table headings in this chapter the word bomb refers to HE
bombs of ail types and also, unless otherwise indicated, to war
heads and sea mines. War heads should be treated as blast bombs
if thin walled and pénétration bombs if thick walled. If in doubt,
assume to be thin walled.

9. Flying glass is a major cause of casualties and damage while a
building devoid of Windows ceases to be weatherproof. The danger
of breakage can be minimised bv opening Windows during the danger
period. Furthermore, if Windows are open when a building is

afïected by blast (Sec 10), the pressure inside can become the same
as that outside. The main structure of the building is then less
likely to be seriously damaged. It is important that ail the Windows
should be open, for during the suction phase the strain is applied
to ail sides of the building (Fig 17b).

52
Evacuation distances

4. (a) The figures given here are based on those issued by the

Ministry of Home Security for use in the United Kingdom
in the 1939-45 war.

53

Table 4.—DISTANCES FOR EVACUATING AND FOR OPENING
WINDOWS. UNBURIED BOMBS

HE missiles

except blast

bombs and sea
mines

!

Blast bombs
and

sea mines

Radius

Complété
évacuation

Partial

évacuation
Windows
opened

lb lb yds yds yds

100-500 100-500 50 150 150

500-3,000 500-1,000 100 300 300

3,000-4,000 1,000-3,000 200 400 800

*4,000-8,000 3,000-4,000 300 600 800

*8,000-22,000 4,000-8,000 400 800 800

The radii given for these weights are estimâtes only. They are not based on expérience.

Use of common sense

5. (
a

)

The figures given in para 4 are the requirements for a normal
British residential area of two storey brick buildings.
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*

VEHICLE & PEDESTRIAN BARRIER
Q—

1

HOUSES COMPLETELY EVACUATED
SH HOUSES PARTIALLY EVACUATED

Fig 43.—Evacuation plan for a 1,000-lb UXB on the surface
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2. When deciding if protective works are needed it is necessary

to make an appréciation of the damage the bomb is likely to cause
should it explode. Paras 3, 4 and 5 below are intended to assist in

making this appréciation. Paras 6 to 1 1 give details of the forms of

protection used.

PROBABLE EXTENT OF DAMAGE IF BOMB EXPLODES
Damage caused by blast and splinters

3. (
a

)
To brick built houses .—Table 5 gives the maximum distances

from an unburied bomb at which unshielded houses with
9-inch brick walls are likely to sustain varying degrees of

damage.

Table 5.—DAMAGE TO BRICK BUILT HOUSES
UNBURIED BOMBS

Type of

Missile

Total
weight

Complété
démolition
or damaged
beyond
repair

Uninhabit-
able but
repairable

Slightly

damaged.
Inhabitable

lb ft ft ft

100 20 40 200

Pénétration 500 60 120 600
and

general 1,000 95 190 950
purpose
bombs 2,000 140 280 1,400

4,000 290 580 2,900

Blast bombs 1,000 140 280 1,400

and
sea mines 2,000 250 500 2,500

(b) To steel framed structures

(i) Steelwork.—The steel frames themselves are unlikely

to be damaged more than a few feet outside the

crater area (Table 9).

(ii) Brick or reinforcea concrète panel walls in steel

framed structures.—Table 6 gives the distances at

which not more than slight damage will be done to

unshielded wall panels in steel frame structures by
an unburied bomb.
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Table 6—DAMAGE TO WALLS IN STEEL FRAMED
STRUCTURES. UNBURIED BOMBS.

Type of

missile . .

Total
weight

Brickwork and cernent
mortar

Reinforced concrète
wall

4|-in 9-in 13|-in 18-in 6-in 12-in 18-in 24-in

lb radius in ft radius in ft

Pénétration 100 51 26 17 13 8 5 3 2i

and general 500 155 78 52 39 26 13 9 6

purpose bombs 1,000 240 120 80 60 40 20 13 10

2,000 360 180 120 90 60 30 20 16

4,000 750 750 375 185 125 62 41 29

Blast bombs 1,000 355 175 120 89 59 30 20 16

and
sea mines 2,000 615 305 205 155 102 51 34 25

Damage caused by earth shock

4. (a) To brick built houses .—Table 7 gives the maximum distance

from a buried bomb at which houses with 9-inch brick

work will sustain varying degrees of damage.

Table 7.—DAMAGE TO BRICK BUILT HOUSES.
BURIED BOMBS

Total weight
of bomb

Complété
démolition

Damaged
beyond repair

Uninhabitable
but repairable

lb ft ft ft

100 12 23 50

500 22 44 70

1,000 35 70 100

2,000 60 120 200

4,000 120 200 400

8,000 200 300 550

12,000 250 400 700

(b) To underground services and structures .—Table 8 gives the

maximum distance at which underground services and
foundations are likely to be damaged.

c 4051



58

Table 8.—DAMAGE TO UNDERGROUND SERVICES AND
FOUNDATIONS. BURIED AND UNBURIED BOMBS

Total
weight

of

bomb

Cast-iron or
concrète
pipes

Earthenware
or brick
sewers

Electric

cables and
Steel pipes

Foundations

Un-
buried Buried

Un-
buried Buried

Un-
buried Buried

Un-
buried Buried

lb ft ft ft ft ft ft ft ft

100 20 26 30 40 15 20 35 50

500 30
.
40 50 65 24 30 75 100

1,000 35 50 60 80 27 35 120 150

2,000 50 65 90 120 38 50 165 250

Crater dimensions

5. To site protective works it is often necessary to know the
probable radius of the crater which will be formed should explosion
occur. Table 9 line (1) gives the maximum radii of the craters to be
expected for buried UXBs. To apply these figures the position of
the bomb must be known accurately. The figures in line (2) make
allowance for the offset and therefore represent the maximum
distances from the entry hole at which the edge of the crater is
likely to be formed.

Table 9.

—

MINIMUM DISTANCES FOR SITING PROTECTIVE
WALLS AND TRENCHES. BURIED BOMBS

Total weight of
bomb in pounds 100 500 1,000 2,000 4,000 12,000 22,000

(1) Radius of
actual crater,
in feet

10 17 23 28 37 52 62

(2) Maximum
distance of cra-
ter edge from
entry hole
allowing for off-

set, in feet

28 37 43 54 73

1

100* 120*

Note :— (i) Figures marked * are estimâtes only.
(ii) Crater radii are for clay soil. Dimensions in chalk, sand and

gravel may be only 3/5 of the figures given.
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Section 33.—CONTAINERS

1. Containers are used to drop large numbers of small missiles

in effective concentrations or to ensure that small missiles with

sensitive fuzes are well clear of the aircraft before being freed.

Description

2. (a) Containers used to give concentrations of missiles are gen-

erally bomb shaped and are called aimable containers.

The cover may completely enclose the contents or may
be an openwork of struts and bands (Fig 55).

Fig 55.—German “Aimable” container,

holding 620 two-pound incen-

diary bombs
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Section 37.—AEROPLANE CANNON SHELLS

1 In War the recovery and transporting of unexploded cannon

sheils which hâve been fired from aéroplanes will probably be the

duty of ail arms. Some cannon sheils may be extremely sensitive

and the following précautions should be taken :—

(a) Do not touch the pointed end.

(b) Pick up by gripping the centre of the round.

(c) Keep horizontal.

(d) Avoid jolting and rapid changes of direction.

(
e
)

Ensure that rounds are not dropped.

2. For transporting, the rounds should be placed in a container

lined with cotton wool, felt or other soft material.

3 'pjie accumulated sheils should be kept in a safe area in a small

covered trench and should be reported for subséquent démolition

by an RE unit.

CHAPTER 6

SMALL ANTI-PERSONNEL BOMBS.

SEARCHING AND DISPOSAL

Section 38.—THE PROBLEM AND RESPONSIBILITIES

1. Small anti-personnel bombs may be dropped in very large

numbers. They usually remain on or near the surface and if unex-

ploded may still be dangerous. It is as important for troops to be

able to recognize dangerous types of enemy and allied anti-personnel

bombs as it is for them to be able to recognize anti-personnel mines.

The butterfly bomb

2 The German 4-lb “ Butterfly bomb ”, presented more problems

than any other type of anti-personnel bomb used in the last, war

and is considered here as representing the “worst case . Some

butterfly bombs were designed to explode on or before impact,

some were fitted with long delay and some with anti-disturbance

fuzes. So sensitive were the latter that a bomb explodmg could

detonate another 25 yards away. The explosive content weighed

half a pound. The splinters were léthal at 50 yards, would wound up

to 150 yards, just penetrate a 3-inch plank two feet away but not a

4-inch steel plate one foot away. The bombs were dropped m large

numbers from containers which opened in mid air. One modem

bomber could carry 10,000 bombs of the butterfly type and size.
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C O M M A N D

The Air Ministry Account

of Bomber CommancTs

Offensive Against the Axis

September, lÿlÿ—July, 1941

|
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LONDON: HIS MAJESTY’S STATIONERY OFFICE



Ounkirk. Ü anyone
doubts that Hitler had

planned an invasion last

September, let him study

this picture. i, Ware-

house on a Dunkirk dock

razed to the ground

z, Concentration of in-

vasion barges. 3, Barges

damaged by R.A.F. attack.

PAGE 68: Germany had, by September 1940,

assembled a force of 3,000 Dutch and
Belgian barges to invade England: "The

3,000 barges gradually collected in ports

and harbours from Amsterdam to Cherbourg
had a ... capacity of 1,000,000 tons."



Broken Bridges. A photograph illustrating the great importance ol bridge démolition
;

enemy
traffic is delayed and restricted by the work of the Allied sappers at Maastricht, i, Road bridges under
repair. 2, Bombs bursting along the bank of the Meuse. 3, Wrecked span of railway bridge. 4, Pontoon
bridge built by the Germans. 5, German transport parked in, and 6, making a détour through, the town.

The bridges bombed by the R. A. F. were over the Albert Canal, to the west of the Meuse.



Anderson shelters exposed to Operation Hurricane nuclear test

Earth covered shelter, Hiroshima

(U.S. Strategie Bombing Survey)



THE EFFECTS OF
THE ATOMIC BOMBS

AT HIROSHIMA
AND NAGASAKI

REPORT OF THE BRITISH
MISSION TO JAPAN

40. The provision of air raid shelters throughout Japan was much below
European standards. Those along the verges of the wider streets in Hiroshima
were comparatively well constructed : they were semi-sunk, about 20 ft. long,

had wooden frames, and 1 ft. 6 ins. to 2 ft. of earth cover. One is shown in

photograph 17. Exploding so high above them, the bomb damaged none of
these shelters.

41. In Nagasaki there were no communal shelters except small caves dug
in the hillsides. Here most householders had made their own backyard shelters,

usually slit trenches or boit holes covered with a foot or so of earth carried on
rough pôles and bamboos. These crude shelters, one of which is shown in

photograph 18, nevertheless had considérable mass and flexibility, qualities

which are valuable in giving protection from blast. Most of these shelters

had their roofs forced in immediately below the explosion
; but the proportion

so damaged had fallen to 50 per cent, at 300 yards from the centre of damage,
and to zéro at about J mile.

42. These observations show that the standard British shelters would hâve
performed well against a bomb of the same power exploded at such a height.

Anderson shelters, properly erected and covered, would hâve given protection.

Brick or concrète surface shelters with adéquate reinforcement would hâve
remained safe from collapse. The Morrison shelter is designed only to protect
its occupants from the débris load of a house, and this it would hâve done.
Deep shelters such as the refuge provided by the London Underground would
hâve given complété protection.

LONDON
1946



Photo No. 17 HIROSHIMA. Typical, part below ground, earth-
covered, timber framed shelter 300 yds. from the centre of damage, which is to the
right. In common with similar but fully sunk shelters, none appeared to hâve been
structurally damaged by the blast. Exposed woodwork was liable to “ flashburn.”
Internai blast probably threw the occupants about, and gamma rays may hâve
caused casualties.

Photo No. 18. NAGASAKI. Typical small earth-covered back yard
shelter with crude wooden frame, less than 100 yds. from the centre of damage,
which is to the right. There was a large number of such shelters, but whereas’
nearly ail those as close as this one had their roofs forced in, only half were
damaged at 300 yds., and practically none at half a mile from the centre ofdamage.



UK NATIONAL ARCHIVES: ES 5/2
ANDERSON SHELTER TESTS AGAINST 25 KT NUCLEAR
NEAR SURFACE BURST (2.7 METRES DEPTH IN SHIP)

AWRE-Tl/54, 27 Aug. 1954

SECRET-GUARD
ATOMIC WEAPONS RESEARCH ESTABLISHMENT

(formerly of Ministry of Supply)

SCIENTIFIC DATA OBTAINED AT OPERATION HURRICANE
(Monte Bello Islands, Australia—October, 1952)

12.1. Blast Damage to Anderson Shehers

At 1,380 feet, Fig. 12.1, parts of the main structure of the shelters facing

towards and sideways to the explosion were blown in but the main structure of

the one facing away from the explosion was intact, and would hâve given full

protection. At 1,530 feet, Fig. 12.2, the front sheets of the shelter facing the

explosion were blown into the shelter but otherwise the main structures were more
or less undamaged, as were those at 1,800 feet, Fig. 12.3.

Operation Hurricane nuclear test Anderson shelters used

sandbags which gave no "earth arching" protection, unlike

narkpH cnil rm/pr iicpH nvpr I nnrlnn AnHprcnn chpltprc lOAH 1



SECRET—GUARD 29

13. The Pénétration of the Gamma Flash
13.1.

Experiments on the Protection from the Gamma Flash aflorded by Slit

Trenches

13.1.1. The experiments described in this section show that slit trenches

provide a considérable measure of protection from the gamma flash. From the

point of view of Service and Civil Defence authorities this is one of the most
important results of the trial.

13.1.2. Rectangular slit trenches 6ft. by 2ft. in plan and 6ft. deep were

placed at 733, 943 and 1,300 yards from the bomb and circular fox holes 2ft. in

radius and 6 ft. deep were placed at 943 and 1,300 yards.

The doses received from the flash were measured with film badges and quartz-

fibre dosimeters in order to détermine the variation of protection with distance,

with depth and with orientation of the trench and the relative protection aflorded

by open and covered trenches.

In general, the slit trenches were placed broadside-on to the target vessel

but at 1,300 yards one trench was placed end-on. Two trenches, one at 733 and
one at 943 yards were covered with the équivalent of 1 1 inches of sand.

Table 13.1

Variation of Gamma Flash Dose on Vertical Axis of Trench

Type of trench

Rectangular
broadside-on

open

Rectan-
gular

end-on
open

Circular open

.

Rectangular
broadside-on

covered

Distance (yards) ... 1,300 943 733 1,300 1,300 943 943 733

Surface dose
(Roentgens)

Depth below ground
level (inches)

300 3,000 14,000 300 300 3,000 3,000 14,000

6 150 1,000 — 230 214 1,200 (75) —
12 75 430 — 150 120 545 47-6 —
24 33-3 584 60 54-5 188 25 (140)
36 23 216 31-6 30 86 13 (56)
48 (20) 43 100 20 17-7 48-5 7-7 (31)
60 — (37-5) 61 13-6 10-7 (33-3) 5 (23)
72 " (46-7) (8*6) 7 _r (3*5)

Entries in brackets are extrapolations or estimâtes.



WWII Surface shelter (UK National Archives INF 13/218)



1 HB-8

The house a t Main and Elm Streets. Two typieal colonial two-story center

hall frame dwellings were placed a* 3.500 and 7.500 feet Iront the bomb

fower. IFCDA—Operation Doorstep—fucca Fiat, Nev., Mar. 17, 1953.1

X-19

Th/s mannequin can only stay in the position in which he was placed, staring

through the window et coming disaster. A real occupant of this house could

préparé—end survive. IFCDA—Operation Doorstep—Yucca Fiat, Nev.,

Mar. 17, 1953.1

1 HA-11

House No. 1. from the caméra tower trom which the dramatic collapse pic-
tures were teken. The Post Office truck to the lett, although it lost ail

Windows and sutfered body damage, was driven away leter, as was the
car in the rear of the house. Entry to the basement was mode through the
corner at lower center. IFCDA—Operation Doorstep—Yucca Fiat, Nev.,
Mar. 17. 1953.1

LSA-2

3,500 feet from ground zéro. The house overhead is totally destroyed, some
of it has fallen into the basement, but the mannequin in the lean-to shelter

is undisturbed. The photo was taken from ground level, looking into the
basement through the gap between the basement wall and the broken floor

timbers. IFCDA—Operation Doorstep—Yucca Fiat, Nev., Mar. 17, 1953.1



Détonation time 0.4 second 0.5 second: blast blows up roof

1.7 second 2.0 second 2.1 second

47 kt EASY nuclear test at Eniwetok Atoll in 1951,

exposing a brick house to 3 psi peak overpressure.

Walls withstood blast although light roof panels

were blown off. Repair cost = 10% of rebuild cost.



47 kt Greenhouse
Easy, Eniwetok
Atoll, 1951. Brick

house, 3 psi peak
overpressure

0.6 second

Impact + 1.0 second

Afterward



29 kt Teapot-Apple 2 test, 5 psi peak overpressure

exterior walls were exploded outward, so that very little masonry

débris fell on the floor framin: The roof was demoiished an own

off, the rear part landing 50 feet behind the house.

S. Glasstone, Effects ofNuclear Weapons, 1964, p208

Wall brick débris was blown out, not in on to people!



Estimated worldwide b effects from 1 -Mt air burst over a City (OTA Case 1 ):

Somatic effects

Cancer deaths 200 - 2,000
Thyroid cancers about 700
Thyroid nodules about 1,000
Genetic effects

Abortions due to chromosomal damage 1 00 - 1 ,000
Other genetic effects 350 - 3^500

b
Most worldwide fallout would be in the Northern Hemisphere

Above: false LNT radiation scaremongering

Figure 1.— Vulnerability of Population in Various
Overpressure Zones

1979 U. S. Office of Technology Assessment, "The Effects ofNuclear War" déceptions

Table 14.—Long-Term Radiation Effects From Nuclear Attacks

Over 12 psi 5-12 psi 2-5 psi 1-2 psi

SSf Fatalities fe|§i Injuries Safe

Blast exaggeration:

Table 4.—Casualty Estimâtes

(in thousands)

(1 Mt on Detroit)

Damage to unreinforced brick house (5-psi overpressure)

Above: false house collapse (Apple-2

test house after manually demolished!)

photo. In fact, outer walls exploded but

Ist floor did not collapse at 5 psi, and
outward débris motion reduced hazard!

Région (mi) Area (mi
2

)
Population Fatalities Injuries Uninjured

0-1.7 9.1 70 70 0 0

1.7-2.

7

13.8 250 130 100 20

2. 7-4.

7

46.5 400 20 180 200

4. 7-7.4 102.6 600 0 150 450

Exaggerated blast effects

table ignores modem
city concrète buildings

which resist blast collapse

Table 5.—Burn Casualty Estimâtes

(1 Mt on Detroit)

Exaggerated thermal burns

table "arbitrarily" assumes

6.7 cal/cm2 is léthal and

3.4 cal/cm2 hospitalizes.

This was not true even for

light clothing in Hiroshima

and for bigger yields even

more heat is neededl

Skyline shadowing

protects over 90%.

Distance from Survivors of
Fatalities (eventual) ^ n

i
ur *es

blast (mi) blast effects 2-miie visibility 1 Q-mile visibiiity 2-mile visibility 1 0-mile visibility

(1 percent of population exposed to line of sight from fireball)

0-1.7 0 0 0 0 0

1.7-

2. 7 120,000 1,200 1,200 0 0

2.7-

4. 7 380,000 0 3,800 500 0

4.7-

7. 4 600,000 0 2,600 0 3,000

Total (rounded) . . 1,000 8,000 500 3,000

(25 percent of population exposed to line of sight from fireball)

0-1.7 0 0 0 0 0

1.7-

2. 7 120,000 30,000 30,000 0 0

2.7-

4. 7 380,000 0 95,000 11,000 0

4.7-

7. 4 600,000 0 66,000 0 75,000

Total (rounded) . . 30,000 190,000 11,000 75,000

These calculations arbitrarily assume that exposure to more than 6.7 cal/cm 2 produces eventual death, and exposure to more than 3.4 cal/cm 2 produces a

significant injury, requiring specialized medical treatment.
—



L. Wayne Davis, Donald L. Summers, William L. Baker, and James
A, Keller, Prédiction of Urban Casualties and the Medical Load from
a High-Yield Nuclear Burst , DC-FR- 1060, The Dikewood Corporation

For people in or shielded by structures in Japan, the blast and
initial-nuclear radiation were the dominant immédiate effects.

TOTAL MORTALITY CURVES FOR NAGASAKI

SHIELPING CATE8QRY

SEISNIC REINFORCCD CONCRETE - LOVER FLOORS
SE ISM IC REINFORCEO CONCRET E - NIDOLE FLOOR3

NON3CI9NIC REINFORCEO CONCRETE
LIGMT STEEL FRANC

WOOO FRANC CONNERCIAL

WOOO FRANE DWELUNf

35, 000 case historiés

OVERPRESSURE (psi)

S.S. Grandchamp at Texas City exploded in 1 947. It contained 2.3 kt

of ammonium nitrate in 100-lb paper bags, but only the 0.88 kt in No. 4 hatch
was tamped and exploded after catching tire. TNT équivalent was 0.67 kt.

IOO
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8 10
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dc-p-1060 NONSEISMIC REINFORCED-CONCRETE BUILDINGS
IOO

OVERPRESSURE (psi)

100r

DASA 1271

DOCUMENT NP-3041 VOL ET

BUILDING
DESIGNATION

NO. INDIVIDUALS
EXPOSED

1 POST OFFICE

2 TELEGRAPH OFFICE

TELEPHONE OFFICE

CITY HALL
COMMUNICATIONS OFFICE 682
BRANCH POST OFFICE 346
RO. SAVINGS OFFICE

J L

400
301

474
216

750

1.0 1.5

RANGE. MILES FROM GROUND ZERO

2.0 2.5

I

L.

Wayne

Davis,

Donald

L.

Summers,

William

L.

Baker,

and

James

Ashley

W.

Oughterson,

et

al,

,

Medical

Effects

of

Atomic

Bombs

,

I

A.

Keller,

Prédiction

of

Urban

Casualties

and

the

Medical

Load

from

NP-3036

to

NP-3041

(Vols.

I-VI),

Army

Institute

of

Pathology;

1951.

{

a

High-Yield

Nuclear

Burst

,

DC-FR-1060,

The

Dikewood

Corporation



INDUSTRIAL PREPAREDNESS AND NUCLEAR WAR
SURVIVAL

WEDNESDAY, NOVEMBER 17, 1976

U.S. Congress,
Joint Commutée on Defense Production,

Washington, D.C.

Mb. Thomas K. Jones

Mr. Jones is the Program and Product Evaluation Manager for tbe Boeing
Aerospace Company. In this capacity he directs analyses and studies of national
requirements, évaluâtes the capabilities of présent and potential product lines

to satisfy national requirements, and détermines the allocation of research
budgets to product programs.
From June 1971 thru August 1974, Mr. Jones was employed by the Office of

the Secretary of Defense (DDR&E) in support of the Strategie Arms Limitations
Talks (SALT). In this assignaient, he served as Deputy Director, OSD SALT
support group and as Senior Adviser to the OSD member of the U.S. SALT
délégation. Through his appointaient as a consultant to the Defense Science
Board, he ls continuing to support the SALT activities.

From 1954 until his employment by the Department of Defense, Mr. Jones
was employed by Boeing in a number of design engineering, System engineering,
and management assignments. These assignments included work on options to

extend the viability of the Minuteman ICBM System, study of strategie tanker
Systems, analysis of ABM Systems, System engineering of manned space Systems,

and design of strategie bomber Systems.

STATEMENT OF ME. THOMAS K. JOUES, PROGRAM AND PRODUCT
EVALUATION MANAGER, BOEING AEROSPACE COMPANY, AC-
COMPANIED BY MR. JOHN R. POTTER, DIRECTOR OF FACIUTIES,
BOEING COMMERCIAL AIRPLANE COMPANY; AND MR. EDWIN
N. YORK, NUCLEAR EFFECTS SPECIAUST

Evacuation, because it distributes people over a comparatively large
area, allow them to survive. The United States could, by foregoing
half the effectiveness of its arsenal against industrial facilities, spread
a léthal level of radioactive fallout over 15 percent of the Soviet Union.
However, the evacuees will dig simple shelters to protect against this

possibility. The decay rate of that radiation intensity would, within
a week, permit the Russians to be out of their shelters for at least an
8-hour workday in 97 percent of their territory.

The Soviet civil defense manuals also provide for a number of
ways to protect the critical production machiner^ within the factories.

A book written by A. A. Gromov, hero of Socialist labor and director

of the First State Bail Bearing Plant, outlines how these protective

methods are being applied to his factory.

A gas-powered minibike was successfully protected against

a blast pressure of 600 pounds per square inch, and a soil heave of 1%
feet

;
after the test, it was dug out, started and driven away.

In brief, the results of this test indicate that industrial machines,

if properly protected, can survive within a few hundred feet from a

40 kiloton nuclear blast, or 2,000 feet from a 1 megaton.

These protective measures, if applied to the Seattle-Tacoma-Everett

metropolitan area, could permit resumption of some production opera-

tions as early as 4 to 12 weeks after a nuclear attack, depending on the

level of radiation intensity.



600 psi blast protection

for a minibike at .5 kt TNT

"Dice Throw" 6 Oct 1976

Dirt filled bags protecting USSR machinery from nuclear war

Civil Defense ofan Industrial Installation , A. A. Gromov

DI 80-20236-1
Figure A-3. Comparison of Alternative Indices of Capabi/ity
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After World War II, public attention was focused almost exclusively on the awesome destruc-

tive power of nuclear weapons. As a resuit, the industrial recovery of bombed cities such as

Hiroshima went unnoticed. However, the fact that industry can and will recover from even nuclear

dévastation is évident from the published findings of the U.S. Strategie Bombing Survey of

Hiroshima. The day after the explosion, bridges into downtown Hiroshima were open to traffîc,

and electric service was restored in some areas. On the second day, trains were again operating.

By the third day, some streetcar Unes resumed service. Within 9 days, téléphoné service was

restored to the city center. In the outlying areas of the city, water, sewer, and gas services were

never interrupted. When the U.S. survey team arrived 2 months after the explosion, the survivors

were starting to erect dwellings on their original homesites.5

The main Messerschmitt plant at Augsburg was destroyed by over 500 tons of bombs.

Thirty buildings and 70% of stored material were destroyed, but only one-third of the machine tools

were damaged. Hence, production capacity was reduced by only 35%, and the plant was back in full

production in little over 1 month.^

The Russians hâve themselves demonstrated that industrial buildings are not essential to con-

tinued production. To protect their aviation industry from German bomber attacks, the Soviets in

1941 used railroad cars to relocate approximately 1,523 industrial enterprises, including 1,360

large war plants, to the Trans-Volga, Urals, Eastem Siberia, and to Kazakhstan and Central Asia.

This relocation involved 85% of the entire aviation industry. At many sites, resumption of produc-

tion began even before temporary facilities were constructed. Machines were set up on temporary

platforms in the open, and work was accomplished in weather that reached -40 degrees. Within a

year, production rates exceeded the highest rates that had been achieved prior to the relocation7

In order for Americans to judge the true position of the U.S. in a future nuclear confronta-

tion, it is tiret necessary to establish some perspective as to how damaging a U.S. nuclear retaliatory

strike might be to Soviet targets. Briefly summarized, the U.S./USSR survival capabilities are as

follows. Given a tiret strike by the USSR, the U.S. would hâve on the order of half of its nuclear

arsenal (ICBMs, SLBMs, and bombere) surviving. If these weapons were programmed to achieve maximum

destruction of industrial targets, the entire U.S. surviving inventory could destroy unprotected people in,

at most, 3% of Soviet tenitory. If the people were protected by simple, foxhole-type sheltere, the léthal

area that could be imposed by the U.S. surviving arsenal would be reduced to one-third of 1% of the Soviet

land mass.t

^The calculations from which these figures are extracted hâve been fumished to the Committee at a higher classification.
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Some critics argue that the Soviet évacuation and industrial protection plans are not viable

because, if an évacuation was started, the U.S. could attack the evacuees before they could be

fully dispersed. Such an argument is contrary to the U.S. objective of deterrence. It would be

illogical for the United States to be in a position in which, to preserve the viability of its doctrine

to deter war, its only recourse would be to preemptively attack the Soviet Union and accept the

subséquent destruction of the United States.

The growing Soviet défensive and offensive superiority will most likely resuit not in nuclear

war, but rather force the U.S. to make costly concessions to avoid nuclear war. In a future con-

frontation, should the Soviets execute their civil defense plans, the conséquences to the U.S. of

escalation to nuclear war would be disastrous, while the conséquences might be tolerable to the

Soviet Union. It is believed that the USSR could recover within no more than 2 to 4 years

whereas the U.S. could not recover in less than 12 years. In such a condition, the so-called

“balance of terror” would no longer be balanced.

Présent Soviet civil defense capabilities require that the United States make some important

policy decisions. One course of action would be to adhéré to our présent doctrine and try to

make nuclear war as unthinkable for the Soviet Union as it now is for the United States. Another

course would be to try to make nuclear war as survivable for the United States as it now is for the

Soviet Union. There may be some middle ground between these two options.

Following the first course would imply an attempt by the U.S. to overpower the Soviet

civil defenses. This would require a massive increase in the U.S. nuclear arsenal, or possibly a

search for some new terror weapon that if used would really destroy ail mankind. The second

course would involve increased emphasis on defenses for the United States; probably some com-

bination of air and civil defenses. Such defenses presumably would make nuclear war more

thinkable for the U.S. and hence would be objectionable to some. However, unless we can be

assured that nuclear war is unthinkable for the Soviet Union, it must be made survivable for

the U.S.

... a civil defense program will permit the United States to maintain its security

for less cost and with less nuclear weaponry than would otherwise be required.
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Senator Proxmire. Well, now, as you may recall, one of the big
arguments in finally defeating the ABM was the argument that you
could always overcome any défensive measure, at least with respect

to the ABM, with a far less expensive offense, in other words, $10
spent in offense would overcome $100 spent in defense, or something
like that, roughly in that area.

Are you contending that civil defense wouldn’t hâve anything like

that, that it would be cheaper to provide defense in relationship to the
offensive cost of overcoming it ?

Mr. Jones. Yes, Senator. That is a very important question because
it is true, as you hâve indicated, that the cost leverages against ABM
are such that they can be cheaply overcome with offensive forces.

Moreover, certain types of civil defenses are also not cost effective.

For example, if the United States invested heavily in large popula-
tion shelters within the cities, we believe it likely that the Soviet
Union could overcome those at less cost than it took us to build them.

Some people hâve brought up the possibility that we would attack

the evacuees before they could get away, but the whole deterrence

theory is based on the hostage idea. If you blow up the hostage be-

fore lie gets away, you hâve no more hostage. Moreover, your ad-

versary is twice as angry at you. Therefore, for the United States to

preemptively attack the Soviet evacuees when they start evacuating

would be a very suicidai thing to do.
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Senator Proxmire. Well, let me just say, what makes me hesitate

on this—and I think Congressman Mitchell, too—is that our nuclear
arsenal is so colossal, we are told that we hâve about 15 tons of TNT
for every man, woman and child in the world, the équivalent in our
nuclear power. The Administration has eut back the budget for civil

defense. They haven’t increased it
;
they hâve eut it back.

I don’t know of anybody in the Defense Department—heaven knows
they are concemed with the defense of our country

;
that is their re-

sponsibility—who is calling for a big, vigorous civil defense effort.

Is there anyone in the Defense Department that supports your
view, any group ? Or any defense experts outside the Defense Depart-
ment who feels that we should consider engaging in this kind of ambi-
tious and very expensive civil defense effort?

Mr. Jones. Yes, sir, I believe that there are a number of people who
are concemed in the Department of Defense. They are concemed be-

cause they see an imbalance in vulnerability that could lead to a seri-

ous problem—despite the size of our nuclear arsenal. Regardless of
how many tons of TNT we hâve for each man, woman and child, we
nonetheless, if you look at how much of the Soviet territory our surviv-

ing weapons could damage, it is not much. It is only about 3 percent.

Going back to the previous point, I think a large amount of the
Soviet civil defense préparation is multipurpose. It certainly can pro-
tect against the Chinese. It certainly can also protect against the
United States.

I thought it was significant that the Soviets accelerated their civil

defense préparations at about the time that we were signing the ABM
treaty in 1972.



APPENDIX

CIVIL DEFENSE AND THE STRATEGIC BALANCE

Civil defense is not of itself a threatening capability . Both Sweden and Switzerland hâve

extensive and well-prepared civil defense programs. These programs do not threaten either

the U.S. or the USSR because neither Sweden nor Switzerland possesses the offensive weaponry

to seriously damage either of the two major powers. For this same reason, the Soviet civil

defense préparations, although they date from before World War II, did not in earlier years

threaten the United States.

However, in 1972 when the SALT I agreements were signed, it was publicly stated that

the United States no longer had nuclear superiority ; the forces of the two sides were at approxi-

mate parity. Since then, the Soviets hâve initiated concurrent deployment of four new ICBM

models, creating serious concems in the U.S. as to the trends in the strategie balance.

Paul H. Nitze has suggested that there are three different ways in which the strategie

balance can be measured:

1 . That which each side has before a strike

2. That surviving to the United States after an initial counterforce strike by the Soviet side

3. That remaining to each side after an exchange
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ADDITIONAL QUESTIONS FOR THE RECORD

FOR

Question 1.
T. K. JONES

On what calculations do you base your estlmate that 98X of the Soviet population

would survive a massive countervalue attack wlth the entlre U.S. arsenal of 8,500

or more nuclear warheads?

Answer

First, our estlmate 1s basednoton the "entlre U.S. arsenal" but on the weapons

that the U.S. could optlmlstlcally expect to survive a Soviet flrst strike.

168

The Soviet Union was assumed to hâve no antlballlstlc missile (ABM) defenses.

Soviet air defenses were assumed to hâve been suppressed even though no U.S.

warheads were assumed to be used for this purpose. Ail U.S. warheads (on SLBMs,

bombers, and ICBMs) were assumed to be expended In a retallatory strike on Soviet

urban/Indus tri al areas or on évacuation areas. (This latter assuraptlon 1s partl-

cularly naïve since 1t would leave the United States totally dlsarmed and leave

Soviet mllltary assets largely untouched.)
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One fulflllment of thls view was the October 1973 Middle East war, where a Soviet

threat to Intervene caused the United States to restrict dellverles to Israël,

thereby brlnging about the release of the enclrcled Egyptlan army.

Marshal Grechko's view of the matter was that:

It was preclsely the change In the corrélation of forces In favor of

social Ism and the process of the relaxation of tension taklng place on

thls basls whlch prevented the dangerous éruption of the war In the

Near East from assumlng dimensions threatenlng universal peace.

In Angola, the United States backed down wlth minimum protest and no effective

counteractlons. The Soviet leaders could loglcally view these events as an

emerglng tendency of the United States to back down In confrontations. Once

such a pattern of concessions 1s establlshed, 1t 1s Increaslngly dlfflcult to hait

the process.

As the corrélation of forces shlfts further In favor of the Soviet Union, 1t 1s

not unreallstlc to belleve that the United States would be wllllng to back down

in confrontations even more important than Angola and the Middle East. By 1978,

the Soviet Union will hâve galned a "war-winning" capabllity comparable to that

whlch the United States held In 1962 durlng the Cuban missile crlsis. (See

Figure A-3 of the study report.) The Soviets belleve we hâve ratlonal leader-

ship and that the U. S. leadership, when placed at a major disadvantage, as the

Soviets themselves were In 1962, can be forced to acquiesce to Soviets demands

In future confrontations.
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Question 24.

What evidence is available to indicate that the Soviet industrial defense

measures hâve been Implemented throughout the U. S. S. R. and are not merely

"pilot" or "démonstration" programs at a few facillties?

Answer

Soviet civil defense literature and commentary by Soviet civil defense

spokesmen over the past several years indicate this 1s not the case. Soviet

newspapers and journals, especlally the civil defense monthly, VOY ZNAN (circu-

lation In excess of 300,000), refer to industrial defense measures underway at

a broad variety of Industry installations. Books such as Civil Defense of

an Industrial Installation (2 éditions total ling 500,000 copies) indicate

nationwide programs.



EARTH ARCHING USED TO
STRENGTHEN SHELTERS

ORNL-5037

Mound height =

v • half trench width

A familiar example of effective earth arching is

lits use with sheet métal culverts under roads. The
arching in a few feet of earth over a thin-walled

culvert prevents it from being crushed by the v/eight

of heavy vehicles.



UK National Archives: HO 45 / 17589 / 3 Garden trench shelter 1938-9
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Summary
Underlying the advocacy of Americans’learning

these down-to-earth survival skills is the belief that if

one préparés for the worst, the worst is less likely to

happen. Effective American civil defense prépara-

tions would reduce the probability of nuclear

blackmail and war. Yet in our world of increasing

dangers, it is significant that the United States spends

much less per capita on civil defense than many other

countries. The United States’annual fundingis about

50 cents per capita, whereas Switzerland spends

almost $1 1 and, most importantly, the Soviet Union

spends approximately $20.

In the first chapter the myths and facts about the

conséquences of a massive nuclear attack are

discussed. As devastating as such an attack would be,

with adéquate civil defense préparations and timely

warning much of the population could survive.

One appendix of the handbook gives detailed,

field-tested instructions for building six types of

earth-covered expédient fallout shelters, with criteria

to guide the choice of which shelter to build. The
design features of several types of expédient blast

shelters are described in another appendix. Two
others contain instructions for making an efficient

shelter-ventilating pump and a homemade fallout

meter that is accurate and dependable. Both of these

essentials can be made with inexpensive materials

found in most households. Drawings are used

extensively, as are photographs of people actually

building and living in the various shelters.

This first-of-its-kind report is primarily a

compilation and summary of civil defense measures

and inventions developed at ORNL over the past

14 years and field-tested in six States, from Florida to

Utah.

• Myth: Fallout radiation from a nuclear war

would poison the airand ail parts ofthe environment.

It would kill everyone. (This is the demoralizing

message of On the Beach and many similar pseudo-

scientific books and articles.)

• Myth: A heavy nuclear attack would set

practically everything on fire, causing “firestorms”

• Myth: In the worst-hit parts of Hiroshima and

Nagasaki where ail buildings were demolished,

everyone was killed by blast, radiation, or fire.

• Myth: Because some modem H-bombs are over

1000 times as powerful as the A-bomb that destroyed

most of Hiroshima, these H-bombs are 1000 times as

deadly and destructive.

These exaggerations hâve become demoralizing

myths, believed by millions of Americans.

HIROSHIMA. Typical, part below ground, earth-
covered, timber framed shelter 300 yds. from the centre of damage

NAGASAKI. Typical small earth-covered back yard
shelter with crude wooden frame, less than 100 yds. from the centre of damage
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PREVENTION OF THYROID DAMAGE
FROM RADIOACTIVE IODINES

An extremely small and inexpensive daily dose

of the preferred non-radioactive potassium sait,

potassium iodide (Kl), iftaken V: hour to 1 day before

exposure to radioactive iodine, will reduce later

absorption of radioactive iodine by the thyroid to

onlv about 1% of what the absorption would be

without this préventive measure. Extensive expéri-

mentation and study hâve led to the Fédéral Drug

Administration 's approval of 130-milligram (130-

mg) tablets for this préventive (prophylactic) use

only. A 130-mg dose provides the same daily

amount of iodine as does each tablet that English

authorities for years hâve placed in the hands of the

police near nuclear power plants, for distribution to

the surrounding population in the very unlikely event

of a major nuclear accident, lt is quite likely that a

similar-sized dose is in the Russian “individual,

standard first-aid packet.” Accord ing to a compré-

hensive Soviet 1969 civil defense handbook. this

first-aid packet contains “anti-radiation tablets

and anti-vomiting tablets (potassium iodide and

etaperain).”
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125 The duration of any particular feature of a blast wave varies approxi-

mately with the cube root of the power of the explosion. Thus if the

power is increased by 500, the duration of the pressure phase is in-

creased by about 8, since 8 is the approximate cube root of 500. The
familiar 500 lb. H.E. bomb of the last war contained about 1/1 5th of a
ton of T.N.T. A nominal atomic bomb contains the équivalent explo-

sive energy of 20,000 tons of T.N.T. The ratio of équivalent weights is

therefore 300,000 to 1, and the ratio of the cube roots of these weights

is about 70 to 1. The duration of the blast pressure from a 500 lb.

bomb is about l/100th second, so with a nominal atomic bomb it

should be 0.7 seconds (actually the duration of the wave increases also

with its distance from the source and at distances of 2 miles is about 1

second). Applying the same scaling law, the blast pressure from a 500

X nominal bomb will last 5 seconds or more.

126 These large différences in duration of the positive pressure phase for

different sizes of explosion resuit in the mechanism of damage from
an atomic or hydrogen bomb being quite different from that for an
H.E. bomb. Figure 9 shows the typical pressure-time curve for a 500 lb.

bomb at a distance at which fairly severe structural damage would
be caused. The pressure rises to 15 lb./sq. in. above atmospheric pres-

sure, (i.e. to 30 lb./sq. in.). This is much more than the static load

which any normal structure could withstand, but since this pressure

only lasts for l/100th second it is in the nature of a blow suddenly de-

livered to the structure rather than a static load. The ability of a sud-

denly applied blow to cause damage is determined both by the pressure

and by its duration. In fact, it is the product of these two (known as

the “impulse”) which measures the damaging ability of the blast from
an H.E. bomb.

127 This point can easily be demonstrated on an ordinary door. If the door
is unlatched it can be pushed open by a force of only a few ounces

applied somewhat slowly by one’s little finger. However, if the un-

latched door is struck quite a hard blow with the fist it will not move
very far, even though the instantaneous force between the fist and the

door (corresponding to the blast pressure) may hâve been many
pounds. If the door is hit hard enough it is quite likely to be torn off

its hinges, and this of course is just what H.E. blast does. It gives things

a hard sharp blow rather than a gentle push, and many of the so-called

freaks of blast in the last war can quite easily be explained once this

point is fully appreciated.

Figure 9

Pressure-time curve for a 500 lb. H.E. bomb

46

129 With nuclear weapons, sheer blast pressure rather than impulse tends

tn h* tbp rrlterionof damage. 11 the etlecttve.blast pressureexgeeds the
. .4 " tvtt—rz TTL- 1 Ur, Tf it is leSS. ÜQ



25 It is relatively easy to gain protection, since one has only to be out
of the direct path of the rays from the fireball. Complété protection

from heat-burn could be achieved if everyone took cover; any form
of building, shield or covered trench would suffice.

^ 26 The clothing of exposed people, though it may itself catch fire,

affords some degree of protection to the skin underneath at ranges

greater than \ mile, particularly if the clothing is not in close contact

with the body, and provided that the burning clothing can quickly

be removed or the fiâmes extinguished. The risk of ignition is reduced
if the outer garments are of wool rather than of cotton, and if they are

of light rather than of a dark colour (see Plate 7, page 24).

One of the reasons for the heavy burn casualties in Japan was the fact

that most people were only wearing thin cotton garments.

Plate 7

The effect of a dark pattern in thin clothing.

Secondary fires

29 There is also the risk of fires resulting from damage caused by the
blast, e.g. the collapse of buildings on to domestic fires, the breaking
of gas pipes and short-circuiting of electrical wiring. These fires are
called “secondary fires”. The risk can be reduced by such simple
précautions as shutting up stoves, covering open fires with sand or
earth, and by turning off gas and electricity at the main.

6



Hcat and immédiate gamma radiation effects relate only to UNPROTECTED people

DISTANCE FROM G.Z. IN MILES

*

(

GAMMA RADIATION
(EXPOSED PEOPLE)

N.B. Effects of residual

radiation (fall~out)

* — Cc
- Ç U

]eiwo f 95^\“ Figure 11 *
-'J

Combined effects (excluding residual radioactivity) from a 10 megaton ground
bùrst bomb. Heat and immédiate gamma radiation effects relate Only to

DNPROTECTED people.

59 The figures quoted in paragraph 56 refer to the direct beam of gamma
rays, but because of the scattering effect mentioned earlier a large
proportion of the total gamma dose measured in air at a given point
is made up of scattered radiation which is less energetic and therefore
less penetrating. Moreover, since it arrives from ail angles, its path
length through any given shîeld is increased, and this again has the
effect of reducing the dose behind the shield. Ail these effects combine
to reduce the dose inside even an isolatèd building. Wheri~ the extra
shielding of other buildings in a built-up area is considered, the dose
inside is still further reduced

t - page 12
66 These figures only apply to~people caught in the open with no

adéquate shielding available . In buildings the dose inside wôïïIcT
only be a small percentage of that in the open, and in a heavilv built-
up area it might be even as low as 1 per cent.; thus people indoors
who escaped the effects of the damage caused by the blast would
almost certainly escape a serious dose of radiation from the gamma— f, /vr



HELMET OR BERET

SIMPLE ‘SMOG 1 MASK OR HANDKERCHIEF

SCARF

DENIM OVERALLS OR MACINTOSH

GLOVES

STRONG LEATHER BOOTS AND
ANKLETS OR GUMBOOTS

Figure 7

Suitable clothing and equipment for protection against contamination.
(Note : NOT against gamma rays.)

(v) Personal cleansing

114 Most of the dust on the clothing could be removed by vacuum clean-
ing where apparatus is available. A check with a contamination meter
would then indicate whether any remaining radioactive dust is likely

to be harmful, and if necessary the actual location of the contamin-
ation could be determined by using the probe as a “frisker”. It is here
that the use of a transparent plastic sheath to protect the probe is im-
portant (see paragraph 107).

115 The outer garments should be removed as soon as possible and care
should be taken not to shake them unnecessarily. A light spraying with
water will keep down dust during removal. Where possible the re-

moved garments should be kept apart to await either washing, or dis-

posai if they happen to be very badly contaminated. If undressing has
to be done at home, a rough “ clean/dirty line” should be established
to avoid spreading contamination, although the radioactivity is de-
creasing ail the time in any case because of natural decay. Where pos-
sible, personal washing should immediately follow undressing.

116 Personal washing should be very thorough, liberal use being made of
soap and scrubbing brushes, paying particular care to the nails and
hair. Where contamination meters are available after personal wash-
ing, a final check to establish reasonable freedom from contamination
is advisable. If these précautions are taken there is little to worry about.

(vi) Decontamination

117 It is important to emphasise again that radioactivity cannot be de-
stroyed. The dust or other material to which it is attached can either

be removed and taken to a place where it can do no harm, or it can be
left to decay by natural means. These two principles underlie ali the
methods of decontamination which are available in civil defence.
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118 Cîothing: Most contaminated clothing can be rendered safe by normal
washing methods. A liberal use of soap powders or other détergents is

advised. Clothing which has been excessively contaminated should be

disposed of, preferably by burying.

119 Other objects (e.g. vehicles, tools, etc.): Scrubbing with warm water

and détergents will remove most of the contamination unless it is very

firmly held in rough porous surfaces. Radiac instruments will be issued

in disposable plastic covers to avoid the necessity of decontamination ,

in the heat of operations.

120 Streets and public places: In addition to the natural decay of radio-

activity and the physical removal of contamination by rain, hosing

down can make an effective contribution to the decontamination of

such places. If carried out with powerful jets, as for example from tire

pumps, the contamination can be reduced by factors of between 5 and
10 according to circumstances. If the water thus used can be removed
by the ordinary drainage System it is »ot likely to constitute a
hazard elsewhere.

FOOD AND WATER
121 Food: Gamma rays hâve no harmful effects upon foodstuffs and the

only significant hazard is the déposition of contaminated dust which

may eventually find its way into the human System. In the area beyond
that of general destruction, where buildings are still standing though
damaged, stocks of food, especially those in containers or under cover,

are unlikely to be afifected. Déposition of contamination on growing

crops will, however, be a hazard. Only food within the area of com-
plété destruction could be afifected by neutron irradiation and become
radioactive.

122 Water: Broadly the same principles apply as with food. Gamma rays

hâve no effiect upon water, but certainly in the case of hydrogen bomb
explosions the déposition of contaminated dust on catchment areas

and open réservoirs would constitute a serious hazard. A spécial ver-

sion of the contamination meter has been designed for testing water,

and water undertakings are well aware of the problems which face

them from this type of hazard should it arise. It is worth noting that an
ordinary domestic water softener in good condition completely re-

moves the dangerous éléments (strontium and barium) from con-

taminated water.

44



76
Because the range of gamma rays in air is much greater than that of

beta rays, an appréciable part of the dose received at any one spot

is made up of gamma rays coming from quite long distances; half of

it cornes in fact from within, and the other halffrom beyond, a distance

of about 25 feet (see Figure 1). Shielding by buildings and other

objects may help to reduce the dose rate by reducing the contribution

from material some distance away; likewise, cleaning up the area close

to where operations are being carried out will reduce the dose rate,

but will not eliminate it altogether because of the contribution from

material much farther away.

UNIFORM CONTAMINATION
ON THE GROUND

lOOft. 75 50
I

» «

25 121 121 25

dose

dose

50
»

Müüiüi

75
I

REMAINDER OF EFFECT COMES FROM DISTANCES BEYOND 100 FEET

Figure 1

Total Dose from Fall-out—Contribution from Different Distances

lOOft.

Radioactive decay

77

Radioactivity cannot be destroyed or interfered with chemically, and

its decay can neither be accelerated nor slowed down. The average

decay rate of ail the various products of a nuclear explosion is such

that as the time is doubled, the activity is somewhat more than

halved. More precisely,4he activity is reduced by a factor of 10 when

the time is multiplied by a factor of 7. For example if the dose rate

at any given point one hour after an explosion is lOOr/hr then the dose

rates at other times will be as foliows:

Time after burst Dose rate in

1 hour 100

7 hours 10

49 hours (2 days approx.) ... 1

2 weeks 0.1

14 weeks
>
(3 months approx.) 0.01

This assumes of course that the radioactive material stays where it is

originally deposited. If some of it is buried e.g. by the continuai

turning over of débris, or is physically removed by rain or wind or by

active measures of decqntamination such as hosing down paved

areas, then the dose rates will be much less than shown above.

Radioactive poisoning

78

This term is used to describe the results that may follow the intro-

duction of radioactive materials into the body. Such materials may be

taken into the body in various ways, for example:

(a) by breathing in contaminated dust;

(b) by eating contaminated food, or drinking contaminated water;

(c) by taking in contaminated dust into the blood stream through

wounds or abrasions.
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Figure 2

Typical fall-out pattern based on the U.S. Atomic Energy Comœission’s state-

naent on the explosion of lst Mardi, 1954. Numbers in circles giye approximate
doses in roentgens accumulated (in the open) during 36 hours after arrivai of

fall-out, on the contours indicated.

\b MT C^rSTcQ— )
'T&yt’Ç l_c 1

PROTECTION AGAINST FALLUT
85 Because the risk is mainly from the gamma rays from the contamina-

tion on the ground and roofs of buildings, a considérable degree of
protection can be obtained by remaining under cover. Tfaere are two
factors involved in this protection:

(a) the distance between the person and the nearest contamination,

and (b) the shielding efïect of the material between him and the con-

tamination.

Distance

86 It was pointed out in paragraph 76 that half the total effect from a
uniformly contaminated area cornes from the fall-out within a distance
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of 25 ft.—actually one third cornes from that withîn a range of 12£ ft.

Thus in a house whose walls are—on the average—about 12| ft. from
the centre, one is automatically protected from almost one third of the

outside dose because the contamination which would hâve fallen on
this area is now up on the roof. In a bungalow this would not be much
of an advantage because of the low roof, but in a building with two or

more storeys the contribution from the contamination on the roof

would be comparatively small.

Shielding

87 The intensity of the radiation coming from outside the house, i.e. from
beyond 12| ft., is reduced by the walls to an extent depending on their

thickness (see Figure 3). For the gamma rays from mixed fission pro-

ducts in fall-out the following figures are appropriate:

—

Thickness in terms of inches of

concrète* 3 6 9 12

Réduction factor (approx.) \ \ 1/10 1/20

3 inch thickness of concrète

or équivalent material

(Para 57: lft concrète = 15" of bricks = 18 M soil .

)

Figure 3

Diagrammatic illustration of réduction of gamma radiation intensity by various

thicknesses of wall.

* Note :—See paragraph 57 for comparable thicknesses of brickwork and earth.
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Windows of coursé provide no protection against gamma rays, sô
that it would be necessary to block them up with—for example

—

sandbags to the équivalent thickness of the walls.

Practical protection

88 Large buildings with a number of storeys, especially if they are of
heavy construction, provide much better protection than small single-

storey structures (see Figure 4). Houses in terraces likewise provide

much better protection than isolated houses because of the shielding

effect of neighbouring houses.

GOOD PROTECTiON
Solidly constructed multi-storeyed building with occupants well removed from
fall-out on ground and roof. The thickness of floors and roof overhead, and the
shielding effect of other buildings, ail help to eut down radiation

Figure 4

Examples of good and bad protection afforded by buildings against fall-out.

89 It is estimated that the protection factor (the factor by which the out-

side dose has to be divided to get the inside dose) of a ground floor

room in a two-storey house ranges from 10 to about 50, depending on
wall thickness and the shielding afforded by neighbouring buildings.

The corresponding figures for bungalows are about 10-20, and for

three-storey houses about 15-100. An average two-storey brick house
in a built-up area gives a factor of 40, but basements, where the radia-

tion from outside the house is attenuated by a very great thickness of

earth, hâve protection factors ranging up to 200-300. A slit trench

with even a light cover of boards or corrugated iron without earth

overhead gives a factor of 7, and if 1 ft. of earth cover is added the
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factor lises to 100. If the trench can be covered with 2 or 3 feet of earth

then a factor of more than 200-300 can be obtained (see Figure 5).

FALL OUT

With corrugated iron

or boards ovcrhcad

With I ft. of carth

overhead

•With 3 ft. of earth

overhead

Figure 5

Protection factors in slit trenches (the factor by which the outside dose is divided

to get the inside dose).

Choosing a refuge room

90 In choosing a refuge room in a house one would select a room with a

minimum of outside walls and make every effort to improve the pro-

tection of such outside walls as there were. In particular the Windows
would hâve to be blocked up, e.g. with sandbags. Where possible, boxes

of earth could be placed round an outside wall to provide additional

protection, and heavy fumiture (pianos, bookcases etc.) along the in-

side of the wall would also help. A cellar would be idéal. Where the

ground floor of the house consists of boards and timber joists carried

on sleeper walls it may be possible to combine the high protection

of the slit trench with some of the comforts of the refuge room by
constructing a trench under the floor.

Once a trap door had been eut in the floor boards and joists and the

trench had been dug, there would be no further interférence with the

peace-time use of the room.

Estimated under-cover doses in the fall-out area

91 Taking an average protective factor of 40 for a two-storey house in a

built-up area, the doses accumulated in 36 hours for the ranges referred

to in the U.S. Atomic Energy Commission Report/ (paragraph 84)

would hâve been:

—

190 miles downwind 7|r

160 „ „ 12*r

140 „ „ 20r

which are ail well below the lowest figure of 25r referred to in Table 1

.

At doser ranges along the axis of the fall-out, the doses accumulated

in 36 hours would hâve been much higher, but over most of the con-

taminated area—with this standard of protection—the majority of

those affected would hâve been saved from death, and even from sick-

ness, by taking cover continuously for the first 36 hours.

ProbSems of control in the fall-out area

92 The administrative problems of warning, maintenance of communica-
tion with the public, control of exposure to radiation, évacuation

where necessary, and maintenance of supplies in the fall-out area, are
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30 Research into the causes of lire in Hiroshima and Nagasaki, combined
with a study of the secondary fire risk from the flying bomb damage in

this country duriiîg thëlâst warEasshown that with nucïear attack the
secondary firë risk is likely to be small compared with the primary
risk of direct ignition by thermal radiation.^ q S'XfrN&viLX,

Fire précautions Off?Cé
31 Although the fire risk even from a nominal bomb is always serious,

targets in this country, where the great majority of buildings are of
brick, stone or concrète, are less vümeraBTe to fire than were thôsëTh
Japan, where most of the buildings wëre ofwôod. Moreover, if people
do wnat they can to keep heat radiation out of buildings, the risk of
fire can be further reduced, although these précautions would be
effective only beyond the central area of blast destruction (see

Chapter IV).

32 It might be advisable to brick up certain Windows of important
buildings, but since the thermal radiation has no great penetrating

power, any opaque screen, especlaTIyawhite one, wllf keep Tt out :

the simple process of whitewashing Windows will keep out about
80 per cent, of the heat. The Windows mav be broken by the blast wave
but as this travels more slowly it arrives after the thermal radiation Is

oveF(except oTcourse in the centraTârea of blast destruction), whether
the bomb is a hydrogen bomb or an atomic bomb.

33

Another obvious fire précaution is the removal of ail readily com-

bustible matefiâl from the direct path of any heat radiation that coufd
possibiy enter Windows or other opemngs.

34 Both these précautions apply only to those Windows and other
opcnings that hâve a direct view of some part of the skv. In a built-up
area~tney would apply more particularly to the Windows of upper
floors ; even for a high airburst, in a closely built-up area one building
shields anothër to a considérable èxtent.

The probable fire situation in a British city
^

35 Within \ mile of an airburst nominal bomb the heat flash is very
intense indeed, but in this area there would be almost complété
destruction of buildings by blast, and this would tend to impede the
development of fire. This did not happen in Japan because most
Japanese houses are constructed of wood and once they were set on
nre they continued to burn even when knocked over. In this country
only about 10 per centTof^aïl the Ihaterlâl iri the average house is

combustible, and under conditions of complété collapse, where air
would be almost entirely excluded, it is doubtful whether a fire could
continue on any vigorous scale. The main fire zone will be around this

central area of heavy destruction, in the région where buildings are
damaged but standing sufficiently to allow free burning. For a nominal
bomb, this zone is likely to reach as far as 1£ miles.

36 The range of ignition is affected to some extent by the State of the
atmosphère and on a dull misty day will be reduced, although it

is impossible to say precisely to what degree.

The possibilités of a fire storm

37

The chief feature of a fire storm is the génération of high winds which
are drawn into the centre of the fire area to feed the rising column of
hot air and fiâmes. These in-rushing winds prevent the spread of fire

outwards
, but ensüre the almost complété desTruction by fire of
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everything within the fire area. This inevitably increases the number

of casualties, since it becomes impossible for people to escape by

their own efforts because they succumb to theeffects of suffocation

and heat stroke.

38 The Hiroshima bomb (but not the Nagasaki one) caused a fire storm.

A fire storm occurred in Hamburg and possibly also in several other

German cities as a resuit of accurate and very dense attacks with

incendiary and high explosive bombs by the R.A.F. Information on

the subject is limited, but it has been fairly well established that during

these particular raids on Germany half the buildings in the target area

were set on tire in about half an hour. In such circumstances it seems

that nothmg càn prevent ail the tires from joining together into one

mass fire engulfing the whole area.

39 Whether a fire storm develops dépends also on the nature of the

target; where there are tall buildings closely packed together with

plenty of combustible material to burn, the risk is much greater than

in areas less densely built up.

40 It seems unlikely from the evidence available that an initial density

of fires équivalent to one in every other building would be started by a

nuclear explosion over a British citv. Studies hâve shown that a much
smaller proportion oTbuildings than this would be exposed to thermal

radiation and svên thèn itTs nôt certain that continuing fires would

dëvelop. Gurtains may catch fire, but it does not necessarily follow that

they wilfset lignt to the room; in the last war it was found~that only

one incendiary bomb out of every six that hit buildings started a

continuing fire. Morèover after a nuclear explosion the large and

almost completely flattened central area would counteract the

development of a fire storm, since one essential requirement seems

to be a continuous mass of fire over a large area. It is unlikely,

therefore, that a fire storm would develop after a nuclear attack on a

British city, though the possibility cannot be ruled out. The risk can

be reduced by clearing or partially clearing the top floors of buildings

which ar'ë ïïTély to~ be exposed to the heat radiation, and by adopting

thé other précautions mentfoned above.

41 There would, however, in any case be many serious fires and fire

areas.

Scaling laws

42 For more powerful bombs the total heat output is roughly proportional

to the power of the bomb, so that a 10 megaton bomb, which is 500

times more powerful than a nominal bomb, radiâtes 500 times as much
heat. Because of the inverse 'square law, the distance at which a given

amount of heat is received (measured per unit area of receiving surface)

varies as the square root of the power of the bomb. For example, if a

nominal airburst bomb produces 5 calories per square centimètre at

1 mile, a 10 megaton airburst bomb will produce the same amount

at 22 miles (22= 1/500). However, although at 1 mile from a nominal

bomb an intensity of 5 calories per square centimètre would ignite

easily combustible materials and start fires, it would not do so at

22 miles from a 10 megaton bomb because the heat is applied more

slowly. From a 10 megaton bomb, with its longer lasting thermal

radiation (see paragraph 21), it takes about 20 calories per square

|
centimètre to start fires because so much oTTEë heat (spread out over

1
the longer émission) is" wasted by "conduction into the interior of the

\
combustible materiar àhd by convection and re-radiation whilst the

8



température of the surface is being raised to the ignition point. But
Ihe distance at which 20 calories per square centimètre can be produced
js only 1 1 miles

, so that the scaling factor for a 10 megaton airhursf
bomb is thëreTore 1 1 and not 22.

43 For a ground burst bomb, however, several other factors contribute
to a further réduction m the tire range. Apart from an actual loss of
heat by absorption into the ground and from the pronôunced shieldingT
effect df buildings, the débris from the crater tends to reduce the
radiating température of theHrebalFand a gfeater i5fonortion of the
energy is corisêquentîy racfiated' îrTthe ïnïra rcdregion ofthe spectrum
~~this proportion~being more eàslly àbsorbed by the atmosphère .

A be magnitude of this absorption effect is not known witü certamty*
but it is important in hydrogen bomb explosions because of the longer
ranges involved and because—as later explained in paragraph 81

—

the likelihood of ground bursts has been increased with the advent of
the hydrogen bomb. For ail these reasons it has been estimated that
the scaling factor for the tire range for a ground burst 10 megaton
bomb is about 8. This will mean a fire ring extending from about 3|
to 10 miles instead of, as in the case of a nominal airburst bomb, from
i to 1£ miles. Isolated lires may occur at greater distances, depending
on the combustibility of material within buildings, but it is impossible
to apply précisé scaling laws to such haphazard incidents.

44 An important point in relation to Personal protection against the
elects of hydrogen bomb explosions is that because the thermal
radiation lasts soTong there IsTmore time for people who may be
caught in the open, and who may be well bëÿond the range of serious
danger Irom blast, to rush to cover and so escape some part of the
exposure. For exampie, people m the open might receive second
degree burns (blistering) on exposed skin at a range of 16 miles from a
10 megaton ground burst bomb (8x2—see paragraph 24). If,

however, they could take cover in a few seconds they would escape"
thisJamJg^Moi^^a^this 7âFgFffieT>Tâ£fw arrive
for another minute and a haF so that any~eïïects due to thé blast in
ythe open (e.g. flying glass, etc.) could lbe completelv avoided.

9
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The Refuge Room
ONE IN FIVE SCHEME

tftft
For protection from Heat—Go into DEEP SHADOW

For protection from BLAST—Go into the STRONGEST PART of the house

For protection from RADIOACTIVE FALL-OUT—
Go into your REFUGE ROOM

Planning a Refuge Room

Distance Choose the place with the fewest outside walls.

Density
Think how to thicken any outside Windows or doors with boxes of
earth or in some other way.

Time Make your Refuge Room as safe and comfortable as possible with tnë

things your family would need.for s-^tay ôTup To two weeks.

LOOK
OVERLEAFWhat would you take into your Refuge Room ?

The One in Five Scheme advises

Water Ail covered, e.g. screw-top jars, buckets, bath, etc.

Food Wrapped or tinned—and tin opener, baby food and bottles, crockerv
and cutlery.

Warmth Oil stove or flower pot heater, blankets, extra clothing and newspapers,
and Light hot water bottles, candies, matches, torch and batteries.

Sanitation Buckets, toilet paper, screening, plus bin for disposai.

Comfort Battery wireless, camp beds, books, knitting, sewing, games, etc.

First Aid and Nursing Chest

What else would your family advise ?

More information about the WVS One in Five Scheme from any WVS Centre or
WVS Headquarters, 41 Tothill Street, S.W.I. Talks will be given to groups of
women in their homes, offices, shops, factories or other convenient meetiQg-plaee:

M720. Wt. 48601/1312. 300.000. -9/61. M«C. 999/225
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Civil Defence Corps Training Mémorandum

No. 1

CIVIL DEFENCE CORPS
TRAINING PLAN

INTRODUCTION

THE TRAINING SPIRTT

The problems which might face the Civil Defence Corps will not

only require a high degree of training and skill but a sound funda-

mental background knowledge of the general conduct of operations.

AU those having Civil Defence responsibilities, in whatever sphere,

must ensure that there is complété understanding and the closest

co-operation in ail Divisions of the Corps and with the other Services,

such as the Army, Police and Fire, with whom operations may hâve

to be carried out. It is only in this way that successful operations

can be conducted and the complications that may arise from a

bombardment with modem weapons overcome.

It is intended that the new Civil Defence Staff College shall provide

spécial direction in the study of these problems ; but it is also

essential that ail members of the Corps, so far as they can, shall do

everything possible to fit themselves for a rôle which in time of

emergency will be vital to the security of the country, which forms

and must remain, for the présent, the main base for ail active opera-

tions and from which offensive operations must be launched.

Ail those concerned with training must look upon their work not just

as passive teaching. They must infuse into their instruction in

every possible way the offensive spirit. It is just as important

tHâtthe'offensive spirit is cultivated ïn àïïlpersonnel serving in Civil

Defence as it îs with those serving with the Fightîng Forces. Wars

are won bÿ otfènsTve action and the more successful the Civil Defence

operations, the greater will be the strikmg power of the nation and

Armed forces. If the morale of the Civil Defence Corps is to

be properly built up and maintained at the high level necessary,

and with it to a considérable extent that of the civil population,

then a prime object of ail Civil Defence training must be détermina-

tion, backed up by a high degree of skill and knowledge, to attack

strongly and quickly to overcome and master the damage that might

be caused in our country by modem bombing weapons and tactics.
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APPENDIX B
BASIC GENERAL SYLLABUS—PART I

Summary
Subject Hours

Civil Defence Organisation 4
Fire Fighting . . . . . . . . . . 3

High Explosive Missiles . . . . 1

Atomic Warfare . . . . . . . . 1

Chemical Warfare . . . . . . . . 1

Protective Measures . . . . . . . . 34

10

Syllabus

Civil Defence Organisation

Function of the Civil Defence Corps. Local Static

Forces. Civil Mobile Forces. Military Reserve Mobile

Columns. Command and Control.

Fire Fighting

Theory of combustion. Principles of extinction.

Spread of fire and prévention of spread.

Incendiary agents and their characteristics. Stirrup

Hand Pump drill. Fire fighting hints and methods of

tackling lires with the stirrup hand pump.

Practical fire fighting (per 4 students).

High Explosive Missiles

Theory of explosions. Effects of H.E. Missiles :

blast—fragmentation—earth shock. Types of H.E.

bombs and their fusing : thick case—thin case—frag-

mentation—delayed—impact—air burst.

Atomic Warfare

Features of atomic explosions : gamma rays and their

effects—heat flash, its effects on man and fire raising

properties—blast and its effects.

Induced radio-activity and fall out of fission products

with their possible dangers.

Principles of radiation monitoring.

Chemical Warfare

Importance of gas training. Définition of a war gas.

What is meant by persistent and non-presistent.

Characteristics and effects of Nerve and Blister groups.

4 hour.

3 hours.

1 hour.

1 hour.

9



Action on gas waming or encountering gas.

Personal first aid and/or préventive measures for
Nerve and Blister groups. 1 honr.

Protective Measures

Issue
, fitting and testing of respirators in tear gas.

How the respirator works. Civilian Duty and Service
respirators. Protection afforded in atomic and
Chemical warfare.

Carriage of the respirator. Anti-dimming. Cleaning
after use. Care of the respirator. Use of the eyeshield.

Respirator Drill.

Taking cover. Screening from radio-active effects

of atomic bombs. Types of shelter. Avoidance of
radio-active areas.

Need for protective clothing in atomic and Chemical
warfare.

Need for and principles of cleansing arrangements in
atomic and Chemical warfare. 3£ hours.

10 hours.

BASIC GENERAL SYLLABUS—PART II

Tofollow Part I as soon as possible

Summary
Subject

Civil Defence Organisation
Fire Fighting .

.

High Explosive Missiles

Atomic Warfare
Chemical Warfare
Biological Warfare
Protective Measures .

.

Syllabus

Civil Defence Organisation

Civil Defence Corps.

Hours

1
2
2
2
5

1

H
22

Fire Fighting

Refresher on theory and fire fighting hints. Chemical
extinguishers, their uses, limitations and dangers. Re-
fresher on Incendiary agents and heat flash from atomic
bombs.

hour.

10



Spécial problems : Phosphorus, oil, rubber, explosive

attachments.

Search of a house. Escape and rescue from a room

and down a staircase. Escape from a window.

High Explosive Missiles

Refresher on effects of H.E. explosions and types of

bombs. Fly bombs and guided missiles.

Détection of UX missiles. Principles of search for

small bombs.

Atomic Warfare

Eléments used in the bomb. Fundamental principles

of the bomb.

Refresher on features of atomic explosions. Casualties

produced.

Radio-active effects on man. Radiation tolérance dose

and personal monitor. Radiation sickness. First Aid.

Chemical Warfare

Classification of war gases. Refresher on Nerve and

Blister groups. Characteristics and effects of Choking,

Tear, and Nose groups.

Effects of weather and ground on the behaviour of gas.

Methods of gas attack and probable effects in a built-up

area.

First Aid and préventive treatment for gas casualties.

General gas précautions. Gas Alarm and Gas Clear

signais. Gas-proofing a room.

Effects of gas on food and protection of food.

Récognition of the presence of gas. The Pocket

Vapour Detector.

Other dangerous gases : carbon monoxide, carbon

tetra-chloride, methyl bromide. Where likely to be met.

Protection afforded by the respirator (if any). Effects

and First Aid.

Biological Warfare

Protective Measures

Standards of Protection. General requirements of

shelters. Types : Anderson, Morrison, Trenches, Un-

derground and Surface.

Sélection and protection of a refuge room. Treatment

of doors, Windows and weak places. Ceiling supports.

Emergency exits. Equipment.

2 bours.

2 hours.

2 hours.

5 hours

1 hour
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Issue
, fitting and testing of respirators in tear gas.

Refresher on principes of the respirator and protec-
tion afforded. Functions of essential parts. Tests of
valves. Inspection, cleansing and disinfection.

Respirator Drill. Standard Test.

Refresher on need for protective clothing. Types and
their uses and limitations. Methods of wearing protec-
tive clothing and précautions in wear. Other articles of
protective equipment. Care and storage of individual
equipment.

Decontamination : Principes and methods.

Refresher on need for and principles of cleansing
arrangements. Dressing and undressing routines. hours.

22 hours.

Note i If Part II follows immediately after Part I the respirators
issued and fitted to students in Part I could be retained by
them and the time allotted to issue, fitting and testing in
Part II could be used for further respirator drill.

12
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APPENDIX D

BASIC RESCUE SYLLABUS

Session Nature Details of Subject Hours

1 Lecture THE ELEMENTS OF BUILDING
CONSTRUCTION :

Types of Construction, unframed
and framed. Forms of Collapse,

voids, etc. Récognition of Danger-
ous Structures 1

2 Lecture RESCUE RECONNAISSANCE :

Treatment of Surface Casualties.

Searching for Trapped Casualties.

Calling and listening Periods.

Immédiate dangers from tire, water,

gas, electricity, etc. 1

Practical • • •• «• •• • • •• 2

3 Lecture USEOFESSENTIALEQUIPMENT
AND HOW TO IMPROVISE.
Improvised ropes and their uses in

emergency rescue. Blanket lift.

Impiovised Stretchers and their

handling 1*

Practical • • • • •• * « •• •• 2

4 Lecture METHODS OF RESCUE :

Emergency Methods of Moving
Casualties. Lightly Trapped
Casualties. Care in moving Débris u

Practical • • • • • • •• •• •• i

Total Hours 10

(Lecture period includes time for démonstrations and questions.)

14
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Civil Defence Corps Training Mémorandum
No. 3

CIVIL DEFENCE IN OTHER
COUNTRIES*

The présent pamphlet provides a brief account of the organisation

and development of Civil Defence in certain overseas countries, based
on information supplied by their Civil Defence Authorities.
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.
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U.S.A

BELGIUM

(Population (estimated 1949) 8,625,084 ; area, 11,750 square miles.)

Central Organisation

Civil Defence planning has been proceeding in Belgium since the

establishment under a Decree of 20th January, 1946, of the Higher
Council for Civil Security, with the task of advising the Minister of
the Interior on the organisation of civil defence.

Planning has been accelerated since the outbreak of the war in

Korea, in 1950, and a number of sub-committees (now 18) engaged on
civil defence planning and research hâve been set up under the Higher
Council. There is also a Supervisory Committee, established in

September, 1950, which co-ordinates decisions of the Higher Council

and may be given inspection duties. A Civil Defence Department
has been set up within the Ministry of the Interior.

*This mémorandum was compiled in December, 1952, from reports received
up to that date.
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NORWAY
{Population (1950) 3,281,000 ; area, 124,556 square miles.)

Central Organisation

The civil defence législation of 10 July, 1936, together with the
supplementary législation of 21 February, 1947, provides the présent
statutory basis for civil defence in Norway. A four-year plan for the
réorganisation and development of civil defence was put into operation
on 1 July, 1949* It is intended that up-to-date législation should be
promulgated when the new organisation has been clearly established.

The Civil Defence Directorate (which is an independent department
within the Mimstry of Justice) includes sections dealing with organisa-
tion, administration, technical matters and supply ; it is also responsible
for the central civil defence school in Oslo.

Régional and Local Organisation

Norway is sub-divided into four civil defence régions, each supervised
by a régional chief assisted by a staff of three or four officiais. The
régional headquarters are at Oslo, Stavanger, Trondheim and Bodô.
Within each région there are a number of “ drcles ” (54 in ail), each
corresponding to a large police district, with the Chief of Police
responsible for civil defence. The “ circle ” consists of a group of“
Iocal «vil defence areas ” (135 in ail), each with its own civil defence

officer.

Evacuation

In the event of war, some 40 per cent, of the population of the larger
towns would be evacuated (e.g., children up to 14 years of âge, mothers
accompanying young children, the aged and sick). It is estimated
that 420,000 people would be affected. Billeting committees hâve
been set up in évacuation and réception areas, the members of which
total 11,000 and 22,000 persons, ail ofwhom hâve received a ten-hour
course of training.

Shelter Policy and Structural Précautions

The requirements of a decree of 4 July, 1948, include the provision
of permanent shelters in ail newly constructed buildings over a certain
size or in buildings undergoing major reconstruction. An improvised
type of shelter has to be provided in other buildings.

Local authorities are responsible for providing public shelters, but
may daim a grant of two-thirds of the cost from the State (total
expenditure should not, however, exceed Kr.200 (£10) per person
accommodated). Under the four-year plan, shelters were to be
provided for 20 per cent, of the population in about 50 of the larger
towns, ail in ail for about 180,000 persons. By the end of 1952 only
about 84 of these shelters will hâve been completed (with accommoda-
tion for 33,600 persons). It is estimated that three-quarters of the
shelters will hâve been completed by the end of 1953.

18



service is considered the most important of ail the civil defence forces

and about one-third of the Norwegian civil defence personnel are

being trained as firemen.

The four-year plan aims at a total operational force of about 60,000
(including 9,000 women). It has been officially stated that on 1 July,

1952, the total number recruited was 47,400 who had received their

basic training.

“ Self-protection ” schemes for householders are also planned. At
présent only Street party leaders hâve been recruited and trained.

Mobile Reserves and Reinforcements

The country is sub-divided into 14 “ remote help districts ”, each
under a controller and each covering a number of local civil defence
areas. The controller would in war-time arrange mutual aid between
the local civil defence forces within his district and would hâve at his

disposai a mobile column. Régional Civil Defence Chiefs would, if

necessary, arrange for relief forces to be sent from one “ remote help
district ” to another.

Civil Defence in Industry

Every industry employing more than 50 persons is expected to

organise a civil defence service at its own expense. A total personnel
of 40-50,000 is required.

SWEDEN
{Population {January 1 st} 1951) 7,046,920 ; area

., 173,436 square miles.)

Central Organisation

The Swedish Parliament on the 19 June, 1948, amended the Civil

Defence Law of July, 1945, and extended its validity indefinitely :

it was due to expire at the end of June, 1949. By this amendment
the Civil Defence Board of the Ministry of the Interior was confirmed
as a permanent establishment to organise civil defence in close liaison

at ail levels with the military forces.

Subject to the control of the appropriate civil or military authority,

civil defence or passive defence is to be organised independently by
the Army, the railways, the tele-communications service, electricity

undertakings, civil airfields, etc.

Régional and Local Organisation

At régional level, civil defence is administered by the Provincial
Council. For civil defence purposes the country is divided into 360
areas grouped under 25 county authorities, each of which has a Civil

Defence Director and staff. In most areas the District Police Super-
intendent or a Chief of Police is the Civil Defence Commander.

Each area wiil organise its own civil defence units.
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Evacuation

Evacuation plans are well developed. About 35 per cent, of the
population of the main target areas (the aged, children, etc.) would be
transferred compulsorily to remote rural districts if necessary. Of
those who remain, many would be dispersed to the outskirts of the

town.

Shelter Policy and Structural Précautions

Under existing régulations, the provision of shelters is compulsory
in new buildings in vulnérable areas.

Although most of the basement shelters erected in houses and flats

during the war are now considered obsolète, many of the so-called
“ standard ” shelters (normally a basement shelter proof against blast,

splinter and gas) hâve been provided in houses and flats constructed

since 1945. By 1952, these private shelters provided accommodation
for approximately 1,200,000 people. Further “ standard ” shelters

are being constructed in new buildings, mostly in the outskirts oftowns,
at the rate of about 2,000 a year (accommodating approximately

100.000 people).

Some war-time public shelters remain and a number of large rock
and concrète bomb-proof shelters are to be constructed in the central

parts of the larger towns. In Stockholm, about 50 such shelters are

considered to be necessary, and work has begun on three of the largest

of them. They are to be available for peace-time use as stores,

garages, etc.

Concealment Policy

In the event of war, lighting restrictions would be introduced. The
use of camouflage, decoy sites and other concealment measures is also

contemplated.

Respirator Policy

It is intended to provide gas masks for the entire population and
stocks are being accumulated during peace-time.

Warning System

Wamings will be transmitted by téléphoné from the Air Observer
and Air Defence Centres to the Civil Defence Control Centres,

Military Establishments and to certain essential industries. Local

Civil Defence Controllers will be responsible for the dissémination of
warnings to the civil population. Radio net-works will be used as an
alternative method of communications should the téléphoné System be
disrupted.

Air raid sirens hâve been installed in every municipality with over

1.000 inhabitants. If necessary, the Army and the Civil Defence
forces can be mobilized by a spécial signal to be given out by the air

raid warning sirens.
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Relation of Organised Public Services to Civil Defence \J % A
Techmcal and professional services are organised independently in

peace-time, but are expected to form part of the civil defence organisa-
tion in time of war. There are within the Fédéral Civil Defence
Administration divisions responsible for planning for each of these
services, and it is recommended that every State should hâve advisory
committees for services such as police, fïre, health, and welfare and that
there should be service co-ordinators responsible for emergency
arrangements within their own services. They would be subordinate
to the State Civil Defence Director. The State Health Commissioner,
for example, would generally be appointed to be in charge of the
Civil Defence Health and Medical Services, under the State Civil
Defence Director.

Recruitment and Publicity

The total strength required for civil defence in war has been put at
* 7h million, of which the large majority would be part-time ; recruit- {

ment has, however, been slow. The figure for New York City in
January, 195^5 was approximately 315^00 of the 860,000 required
In a quarterly report dated May 31, 1952, New York State reported
836,642 volunteers of 2,000,000 required. By May 31, 1952 the
Fédéral Civil Defence Administration estimated a total enrolment of
over 3,000,000 volunteers throughout the country. These figures are not,
however, comparable with those published for recruitment to the
Civil Defence Corps and Allied Services in Great Britain. In calling
for a return from State and local Civil Defence Directors, the Fédéral
Civil Defence Administration indicated that the figures should include
... ail persons whose assignments to civil defence duties stem from

the nature of their employment. The latter category would cover ail
State and local govemment employées . . . who will be required to
perform assigned civil defence duties and ail non-Government
employées who by reason of conditions of employment are available
for civil defence duties.”

A considérable amount of civil defence publicity material has been
produced for the Fédéral Civil Defence Administration by the
Advertising Council, a non-profit-making body run by the advertising
industry, and a sériés of pamphlets on various aspects of civil defence,
has been issued by the Fédéral Civil Defence Administration itself.
Seven half-hour télévision programmes entitled “ Survival ” hâve been
sponsored, three travelling exhibitions hâve been organised and the film
industry has agreed to produce seven civil defence films free of charge.

Training of Civil Defence Personnel
The Fédéral Civil Defence Administration has established a National

Civil Defence College at Olney, Maryland and Civil Defence Technical
Traimng Schools, for the training of instructors were opened in 1951
and 1952 at Ogontz, Pennsylvania; Stillwater, Oklahoma ; and St.
Mary’s, California. The Schools at Ogontz and Stillwater hâve
recently been closed, however, owing to the eut in the civil defence
budget. It has been announced by the Fédéral Civil Defence Adminis-
tration that over 1,470 civil defence officiais attended the schools, during
1951.
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Local training has begun in some districts.

Local Organisation of Civil Defence Services

The basic operational services to be provided in a local civil defence

organisation may consist of the following :

—

(i) Communications : to operate civil defence air raid warning and

communications Systems.

(ii) Engineering : to provide for the emergency restoration of

essential public utility services, transport and other vital community

services.

(iii) Fire : to fight lires resulting from enemy attack.

(iv) Health : to provide health and medical services for the civil

population in event of enemy attack ; to detect the presence and

minimise the effect of atomic, biological, or Chemical weapons.

(v) Police : to protect life and property, maintain law and order,

regulate and control traffic to expedite the movement of emergency

vehicles and personnel ; detect and report unexploded missiles and

to cordon them off.

(vi) Rescue : to remove trapped casualties from damaged

buildings and structures ; administer first-aid to victims.

(vii) Staff : to perform the executive and administrative duties

of a Civil Defence Corps, including public affairs, training and

éducation, and the recruitment of volunteers.

(viii) Supply : to arrange for the procurement, storage and issue

of civil defence supplies, equipment and materials.

(ix) Transport : to mobilise and employ the transport resources

required for the movement of persons, materials and equipment

entailed by civil defence operations.

(x) Warden : to direct organised domestic self-protection at the

family and neighbourhood level, and to support and supplément

ail other civil defence services.

(xi) Welfare : to provide emergency feeding, clothing, bedding,

shelter and generally to aid réhabilitation ;
provide welfare services

in évacuation.

(xii) Other civil defence services as may be authorised by the

Civil Defence Director.

A service allied to the local civil defence organisation is the Ground

Observer Corps which observes, detects and reports enemy aircraft.

(Recruitment and administration of the Ground Observer Corps are

functions of the local civil defence organisation. The training and

operational control of this Corps are, however, in the hands of the

Department of the Air Force.)
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Mobile Reserves and Reinforcements

Plans for mutual aid between local communities and States, and for
“ mobile support ” (defined as the extension of mutual aid to include
support areas) are being developed by the local civil defence organisa-
tions in accordance with plans approved by the State and Régional
Civil Defence Directors. Twenty-six States hâve concluded agreements
for mutual aid in an emergency and an agreement has also been made
between the U. S.A. and Canada (see also item on Canada—page 31),

Civil Defence in Industry

Industrial establishments, hospitals, schools, etc., will be responsible
for organising their own civil defence. It is recommended however
that their plans should be made in consultation with the local civil
defence officer and that equipment should be standardised. The
Fédéral Civil Defence Administration has issued a manual “Civil
Defence in Industry and Institutions” which provides advice on
this subject.
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Civil Defence Corps Training Mémorandum
No. 4

AIRCRAFT WEAPONS AND TREND

OF DEVELOPMENT

A great deal of time has rightly been spent since the victory days
in an analysis of the evidence of the effects of different weapons
used during the war, sorting out the useful from the useless and
learning such lessons as may help in pursuing the right line of
development for future design.

The impossibility of carrying out full scale trials on realistic
targets in peacetime is a serious drawback to the armament designer.
Ail tests must, for obvious reasons, be on a small and unrealistic
scale and perhaps one house, one building or even a section of it

may hâve to represent a large town or industrial area. Similarly
a few dummies scattered about, a few guinea pigs or rats must
suffice as substitutes for human beings. For this reason the ex-
périences of the German, Italian and the Russian Air Forces during
the Civil War in Spain prior to the outbreak of World War II were
extremely useful to these nations as a testing ground for weapons
and aircraft efficiency.

Thus in many cases only a war can really prove whether months
and years of peacetime effort hâve given birth to a healthy vigorous
baby or to a bunch of damp squibs.

In basic principle, except for atomic warfare, ordnance equip-
ment remains and will continue to be the same as it has been for a
good many years. Weapons grow larger and more powerful and
alter in shape and form. The vehicles by which they are conveyed
to the target, be it gun or aéroplane, can deliver a bigger load at
a faster speed.

Quite apart from the weapons themselves one of the most im-
portant factors in ail these matters is improvement in sighting
Systems provided for guns, bombs and aiming instruments generally,
since the small bomb or warhead which hits its target has at any
rate accomplished something, whereas the heavy bomb which misses
represents a waste of effort, manpower and morale.



Higher speeds and higher altitudes of release pose increasingly

difficult problems for the bomb sight designer, and as it is no longer

acceptable to wait for good weather and good visibility so that

bomb aiming can be carried out by visual means alone, improved

methods of navigating to the target and of bombing through clouds

and darkness must be continually explored.

It is not proposed to give an analysis of the effects and the com-

parative advantages and disadvantages of each type of weapon

estimated from its use in the lâst war, but it may be of interest to

mention two of the more interesting features of bombing, which

were demonstrated during the Wholesale bombardment of ordinary

objectives.

Firstly the large high explosive bomb with the thin wall and

heavy high explosive charge sometimes called the “ Blockbuster
”

was one of the mainstays in the attack on cities and industrial areas.

Whether big bombs of general purpose type will, in the event of a

future war, be heavier than those which were dropped on this

country by the Germans or on German cities by the Royal Air

Force is a matter for Air Staffs to consider. It may be that the

optimum weight limit has been reached and that it is more profitable

to use a number of medium sized bombs according to the carrying

capacity of an individual aircraft rather than one unit of the

mammoth variety. This may apply particularly when the time

cornes for high explosive bombs to be dropped in conjunction

with atomic attack.

In the old days it was considered that the overall effect of the

general purpose bomb, as the name implies, should be a suitable

compromise between weight of fragments and blast efficiency, since

the blast has little or no effect on heavy machinery, and fragments

make little or no contribution to the collapse of buildings or other

structures. The resuit was the design of a bomb with a thickish

case, a comparatively small high explosive content resulting in a

low blast pressure in proportion to the total weight.

It should be noted that a thin walled bomb is liable to break up

on hard targets, but if the blast from the filling is sufficiently power-

ful, a bomb fuzed for instantaneous action will smash up the roof

and top structure of a factory or industrial plant causing portions

of the masonry, girders, Steel supports, etc., to fall and crush the

machinery underneath, whereas a bomb fitted with a delay fuze

for pénétration will hâve the same effect from inside the building,

thus in either case the target itself provides the fragments necessary

for this purpose. (See Figs. 1 and 2.)

These diagrams will show what is meant by these statements

—

they represent German medium and light case G.P. types and are

typical of the general purpose bombs which might be dropped on

this country from any source.
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FIG. 2

Typical llght case 1100 Ib. G.P. Bomb (German)

charge/weight ratio 50%
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For the attack of protected objectives which can only be reached
after the concrète or armour plate cover has been punctured, spécial

bombs of varying wall strengths and suitable fuzes must be available.

(See Fig. 3.)

The anti-personnel bomb is, of course, in a class of its own.

Whilst on the subject of blast versus fragments it should be
remembered that a person will not normally be killed by blast

except near to the point of explosion. The high explosive charge
is merely the medium for fragmenting the casing and for spreading
the fragments over an area. Thus the explosive will absorb only
about 10% of the total weight in a normal anti-personnel bomb.

Secondly, it can be stated as a resuit of long expérience that the
optimum method of fire-raising when bombing cities from the air

is achieved by the use of a small bomb dropped in very large

numbers on the scatter principle with the object of saturating the
target and so overwhelming the Fire Services.

More than an inkling of this basic principle was prévalent in

armament circles during the 1914-18 war since a considérable effort

was made subsequently to perfect the 6| oz. baby incendiary bomb
designed for use during the latter part of that period. As a matter
of interest it may be noted that one load of these babies dropped
from a Handley-Page bomber of that time would cover an area about
two hundred yards wide stretching from Hyde Park Corner to

Piccadilly Circus.

It is essential that a bomb of this kind should be heavy enough to

penetrate say at least a roof and one floor and that having done so
it should contain sufficient incendiary material to start a fire under
favourable conditions if left to itself. The baby incendiary bomb
fulfilled neither of these conditions but was the forerunner of such
efficient fire-raisers as the German TKg bomb.

The advantages claimed for larger incendiary bombs is that they
may individually start a large fire before they can be dealt with,

but this advantage must be weighed against the small numbers that

can be carried for any given bomber load and the fact that the

saturation achieved with the small unit bomb over a city area is

' out of the question without a largely increased number of aircraft

per attack. A medium or heavy incendiary bomb only cornes into

its own on rare occasions for the spécial objective of the type that

can be isolated from its surroundings.

The Germans dropped incendiary bombs weighing up to 250 lb.

on English towns but such a policy is more in the nature of “ keeping
the enemy guessing ” lest familiarity with their “first string” should
breed too much contempt. It should be noted that a spread of
about one hundred 1 Kg bombs, each capable of starting a fire

could hâve been achieved for each one of these missiles.
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The “ Blockbuster ” and the small incendiary bombs which were
the main features of aircraft bombardment policy in the last war,
may, therefore, well be the “ Blitz ” weapons for some time to corne.

General Principles of High Explosive and Incendiary Bombs
High explosive bombs are filled with a main charge, which may

be T.N.T., Amatol, a mixture of T.N.T. and Ammonium Nitrate,
or any of the well-known types of bomb or shell fillings. Amatol
is cheaper and easier to produce than T.N.T. and is not quite so
efficient for dealing with certain types of objective as T.N.T.

It is essential that this main filling, which must be dealt with in
large quantities, should be safe to handle both in manufacture and
transit. If it did not possess these characteristics, it is clear that
casualties to personnel in the filling factories, on the railways, in
Air Force bomb stores and finally in the aircraft themselves, must
be a serious risk, and ail sorts of complicated précautions would be

( necessary to ensure the safety of those concemed with high
explosive fillings and high explosive bombs at various stages,
until they actually reached the enemy. It would clearly be dis-
astrous if a bomb falling a few feet from a lorry or railway truck
on to the ground or from an aéroplane on to a concrète apron
exploded. If such an occurrence were acceptable, which it is not,
much more powerful and efficient explosives could be produced by
research departments without much difficulty.

Thus main fillings are essentially insensitive to any form of
shock and no spécial care is necessary in handling filled bombs,
which hâve not been armed with their detonator components, or
from which the detonator components hâve been removed.

Further, if the fillings were not insensitive, the bombs would
tend to burst on impact with the target, instead of penetrating
before détonation. (See Fig. 4.)

Bombs are supplied with exploders
, either in position in the bomb,

or separately for insertion in a cavity in the bomb. The détonation
of the main filling is obtained through the exploders, which are
normally filled with C.E. and/or spécial T.N.T. pellets, or similar
types of explosive. These exploders are only partially sensitive to
shock and slightly more sensitive than the main filling. They are
tubular in form and should extend well into the main filling, in
prder to obtain complété détonation of the mass. They may be
in a métal container, or encased in paraffin wax paper.

The exploder itself is functioned by a detonator which is filled

with a very sensitive composition and is very sensitive to shock.
The composition is normally enclosed in a métal tube.

Spécial précautions are necessary for those working in filling

factories when dealing with detonators, and these obviously apply
equally to service personnel, but the quantities dealt with are so
small compared with main fillings, that the risk of damage is con-
siderably reduced in proportion. The radius of damage from any
individual detonator is extremely small.
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detonator

fulminate composition
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t.n.t.

FIG. 4

Bomb—H.E. Aircraft

Showing : T/pIcal pistol, detonator and exploder assemblage
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Great care must always be exercised, however, in handling these
items.

The detonator is functioned either by a striker striking a cap, or
by a flash or flame. The striker is contained in a nose or tail pistol
or fuze. In the former case, nose pistol, it is driven into the
detonatorcap on impact. In the latter case, the pistol being in the tail
of the bomb, the striker is carried down by its own momentum on
impact on to the detonator cap. When a short delay is required
so that the bomb may penetrate its target before functioning, a
length of fuze or a powder pellet may be inserted between the cap
of the detonator and its filling. Thus the fuze or powder pellet
is first ignited and bums for a given period before initiating the
detonator itself.

Where an electric type of fuze is employed, a common method of
providing ignition is by the fuzing of a platinum silver wire bridge

( urrounded by powder.

Finally, therefore, the sequence in the détonation of a bomb is :

—

A pistol striker striking a cap or, in the case of an electric fuze, the
ignition of powder by a fuzed wire bridge, produces a flash which
either ignites a length of delay fuze, or powder pellet, or initiâtes
the detonator direct, the detonator initiâtes the exploder and the
exploder détonâtes the main filling.

There are, of course, new ways of starting this train of events
since the advent of radio and barometric operation, but the general
principles in the stages of bringing about the détonation of main
fillings remain essentially the same.

With regard to main fillings for high explosive bombs, T.N.T.
and Amatol held the field for a very long time. The first significant
advance on these types made by our opponents in the last war was
the introduction of aluminized explosives, which were first definitely
identified in certain German bombs in March, 1942. These fillings
produced a considérable increase in blast pressures and although
insensitive enough for routine handling were not apparently con-
sidérée! by the Germans to be insensitive enough to cover ail
operational requirements

; since they were invariably used in con-
junction with direct action fuzes and, therefore, never in low altitude

f ^ombing owing to the danger of blowing the aircraft out of the
W>ky. The implications of this practice would seem to be that they

were too sensitive to stand up to impact and so could not be used
when pénétration of an objective before détonation was an obvious
requirement.

Unexploded Bombs

Even with the best designs of bombs and fuzes there are bound
to be a percentage of bombs which fail to detonate. Such failures
may be due, amongst other things, to the fuze failing, to some defect
passed over by the inspector, to angle of bomb impact being too
acute to function the fuze, to defective delay Systems and even in
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the excitement of the moment to the bomb aimer forgetting to

actuate the safety mechanism in the bomb carrier installation before

releasing his bombs. In any event no attempt should be made to

deal with an unexploded bomb, except by those trained for this

duty, in fact it should be given a wide berth and its discovery

reported immediately to the nearest appropriate authority.

Incendiary Bombs

The action of the modem incendiary bomb, such as for example,

the German 1 Kg, is quite simple. The striker and cap corne

together on impact, the priming composition is ignited, this in tum
ignites the main filling, which ignites the magnésium type body or

casing. The whole bomb becomes a molten mass and is consumed
with the exception of the small métal stabilizing vanes. The delay

necessary to allow the bomb to penetrate and corne to rest is pro-

f ided by the time taken for the priming composition to ignite the

main filüng. (See Fig. 5.)

A proportion of these bombs were fitted with a small explosive

charge to damp the ardour of the tire fighters
; this is functioned by

the heat from the main filling after the bomb has been burning for

a short time.

Just as with high explosive bombs, there is bound to be a per-

centage of incendiary bombs which fail to ignite. The most likely

reason apart from the failure of the priming to ignite the main
filling is that the angle of impact is such that the striker cannot
strike the cap.

Miscellaneous Missiles

There were a number of what might be termed miscellaneous

missiles dropped by the Germans, some of which might appear again

in the same or different forms.

The Butterfly bomb, which fluttered down under wings which
formed part of the outer casing of the high explosive containers

when housed in the aircraft stowage and which, under the action

of their torsion springs and by air pressure, rose on release to the

upper end of a 6-inch wire cable. These bombs must be included

the anti-personnel class but like other bombs in this category

^Wvere mainly for operation against troops, vehicles and other targets

in the battle area.

The parachute mines which were designed originally for use

against shipping were used up in indiscriminate bombing when
obsolète for their original purpose. The accent is on “indis-

criminate” since no spécifie accuracy could be anticipated or in

fact achieved by missiles suspended on large parachutes of the type

attached.

Flares of various kinds may be seen in the sky for reconnaissance,

for bombing or for taking photographs at night.

13



Guided Missiles

A lot has been written in the papers about “ push button
”

warfare, the disappearance of the piloted bomber and the era of
the guided missile.

No less than nine branches of the sciences are involved in the
production of fully controlled long-range missiles, and it must be
some time before they can become a practical proposition. Short
range guided weapons of the anti-aircraft type are likely to be
perfected before those which can be used for the bombardment of
distant objectives. Flying bombs and rockets of the type used
during the last war must not be confused with these more compli-
cated missiles. To start with the German V.l and V.2 (as they
were known) are, according to future conceptions, short range
weapons, with an extreme range of about two hundred miles, and
it will be obvious that distances of this kind may fall far short of
future requirements. Further, the mechanism is set, and th
flying bomb or rocket is aimed from the launching point or ramp
like a shell in a gun and after its release no further control over its

flight to its objective is exercised. Their degree of accuracy is of
the order of some miles and they are, therefore, useless for the
attack of anything but area targets such as a city the size of London.

The manufacturing effort required for both weapons is con-
sidérable, particularly for the rocket. The Americans calculated
“ that the production of a single V.l by the Germans cost about
850 man hours and of a V.2 about 13,000 man hours,” and it

should be noted that a large percentage of the former were shot
down or caught in the balloon barrage before reaching London.
After ail this an explosive warhead weighing only a short ton was
delivered at the receiving end, quite a small bomb according to
modem ideas.

Of the two, if the cost can be faced and industrial facilities can
be made available, the rocket has a more promising future since a
workable and efficient counter-missile for its interception must take
some years to produce, neither does it require a long and stationary
launching ramp like the flying bomb, but can be fired from any
pièce of reasonably hard ground about twenty feet square, which
is accessible to heavy transport.

The main difficulty in lengthening the range of the rocket lies il^fc
large ratio of fuel weight to total weight of missile. The total^^
weight of the German rocket was 13 tons, of which 9 tons repre-

sented the fuel. To increase the range to say 630 miles with the
same warhead (a short ton) the total weight of the rocket would
be of the order of 36 tons, of which about 30 tons would be fuel

plus fuel tanks, rising to about 84 tons (fuel 70 tons) with a war-
head of three tons.

These figures, which are taken from an American ordnance
publication, represent a formidable handling and launching problem.
It remains to be seen whether a potential enemy would spare the
effort required to produce enough rockets with sufficient range for

14



continuous bombardment of this country, whether he might be

content to limit its production in the interests of other essential war
equipment and to tire only the occasional one to keep us on our

toes, or whether he might use something of the flying bomb type

and accept the high incidence of casualties inhérent in pilotless

aircraft of this variety.

Whatever decisions may be arrived at in balancing their war pro-

duction by any nation tempted to make war on the Western Powers,

it seems that for the immédiate future the piloted bomber with its

greater accuracy and weight carrying capacity will be the mainstay

of long range bombardment operations.

ATOMIC WARFARE

What is the nature of the weapon and how does it differ frorn the

bombs used in 1939-45 ? It is, in fact, a super blast bomb équivalent,

according to American scientists, to about 20,000 tons of T.N.T.,

a normal high explosive bomb filling, with radio-activity thrown in.

Flash leading to bums is common to both, though in this case

the atomic flash is much more intense and widespread and hardly

comparable with that produced by the high explosive types ; in

the reports on this subject, however, no comment appears as to

how the flash compares with the équivalent amount of T.N.T.,

but we should hâve to design a 40,000 ton high explosive bomb to

compare the two, which, incidentally, could not be lifted by any

aircraft even in a hundred years time. tÇc
The duration of the flash bum and heat propagation is very short

fi
:
and lasts only a few thousandths of a second, but even though the

j
intense flash and heat radiation last for such a short time, there is

evidence_ that thousands of Ares were started both at Hiroshima

'and'Tvfâgasaki, though neari^afl were due to indirect causés suc5~

as the overturnine of braziers widelv used in Japanese industries

i and homesTgas leaks, primitive electric wïring and similar causes.

Heat radiation may hâve started a few Ares directly, but in any

event expérience has proved that there is always danger of tire from

indirect causes in large scale bombing, especially when the détona-

tion of high explosive fillings is incomplète and fragments of

unconsumed T.N.T. and particularly aluminized explosives are

hurled ail over the place.

For instance, it may be interesting to recall a London incident

when in Northumberland Avenue a 1,800 Kg German bomb was

dropped on the British Empire Society Building, 16th-17th April,

1941. This bomb whilst going through the roof hit a stout girder

and was fractured above the weld between the nose piece and the

main body. The filling at the back end, which was powdered

T.N.T. ,
was strewn around by the impact, the nose piece with the

front fuze and exploder went on intact and detonated, the flash

from the explosion igniting the scattered filling.

15



A similar situation was caused by a 500 Kg bomb with an alumin-
ized filling at Mount Pleasant Post Office later in the war (16th-17th

June, 1943).

The atomic bomb cannot, of course, behave in the same way,
but these two entirely fortuitous incidents serve to illustrate a
manner in which tires may be started unexpectedly during a high

explosive bombing attack. Certainly both direct and indirect tires

are a danger with atomic bombing as the high températures pro-

duced create conditions very favourable to tires and the spread of
tires whatever the original cause.

Having mentioned some of the effects of the atomic bomb in a
very general way, omitting the radiological factors which are dis-

cussed in a separate training pamphlet, it is important to consider

its method of use when available to an enemy.

In the first place it must be borne in mind that it is an extremelv
'

expensive weapon, most complicated and difficult to manufacture
"withlao possibility of mass production. Thus, in comparison with
normal high explosive bombs it will always be m short supply.

If the analogy is accepted that it is a super blast bomb in the
“ Blockbuster ” category, the optimum effect over the widest possible

area can only be obtained by causing it to be exploded on or

preferably above its target, the lower the burst down to ground
level and below, the smaller the radii of damage from blast, burn
and radioactivity, but the heavier the density of these factors over

the smaller area.

For these reasons, and particularly because there will not be
plenty to spare, it seems reasonable to suppose that the bomb will

normally be fuzed to detonate above its objectives, which will

consist of cities and industrial areas.

The question now arises as to how the atomic bomb will be
conveyed to its target. As the bomb with its ancillary equipment
weighs considerably more than the warhead of a rocket or flying

bomb, it must be obvious from the figures given earlier that much
research and development lies ahead before a pilotless missile can
be produced with the required range and lifting capacity. Even>^^
more important is the fact that the degree of accuracy obtainable^P
by rocket or flying bomb technique is for the présent by no means
acceptable for such a precious weapon. Thus it seems that the

piloted bomber aircraft will be the vehicle for a considérable time.

CONCLUSION

No mention has been made of Chemical and biological warfare,

but these are lengthy subjects and cannot be dealt with in a short

review of this kind. Whether C.W. and B.W. weapons will ever

be employed in a future war is a matter for spéculation, certainly

they will never be used from this side excépt on a retaliatory basis.

(25631) Wt. 4397-170 K100 5/50 G.S.St. printed in great britain
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WELFARE SECTION

Section Training

Note : Training for the Welfare Section is based on a minimum of
30 hours a year. The aim will be to train members in the
work of at least two of the welfare services. At first, ail

members should be given a short course of lectures,

discussions and exercises designed to cover in a general way
the whole range of duties included in the service. They will
thus obtain a broad picture of ail the functions and tasks
of the Section. This general training should then be followed
by more specialised training arranged according to the needs
of the area and the spécial aptitudes of individual members.

V J Syllabus

C.D. Division

Local Organisation

„ Welfare Section Organisation

Basic Duties of Welfare Section in relation to

(a) Evacuation Scheme {b) Care of the Homeless
(c) Shelter Welfare (d) Emergency Feeding
(<?) Information (/) Animal Welfare

The Evacuation Scheme

The General Plan
Priority Classes

Private Evacuation

Arrangements in Evacuation Areas

Organised Movement
Duties of Escorts

Arrangements in Réception Areas

Réception and Billeting Committees
Réception of Organised Parties

Dispersai to Billets

Exercise on above

Care of the Homeless

The General Plan
Operational Control

Rest Centres

Nature of Provision
Staffing by Teams : Call-out
Duties of Staff

Spécial Needs of Homeless
Registration

Information and Advice

11



Information Service

Ministry of Health Circular 38/50 Give some indication of
and Mémo. Ev.l, 1950 the information services

required and of the or-

ganisation deemed neces-
sary.

Emergency Feeding

Ministry of Food Circular E.F.A/1 Sets out the preliminary
framework ofthe scheme.

In planning training it will be important for training officers to
keep in close touch with the officers responsible for the adminis-
tration of the relevant Civil Defence services, and with develop-
ments in their local planning.

This is particularly important where there is a division of responsi-
bility between the County Council, acting for example as Rest
Centre Authority, and the County District Council who will be
responsible for billeting.

Certain Ministry of Health publications issued between 1939
and 1945, give a picture of the working of the corresponding
services in the last war, and of the part played by volunteers. These
are now out of print. but where local authorities hâve retained
copies they should prove useful to instructors as background
material, bearing in mind that a good deal of the detail is out of
date.

/

Such publications include :

—

Notes for Billeting Officers and Voluntary
Welfare Workers

Handbook on Billeting and Welfare for
the use of Chief Billeting Officers

Hostels for “ Difficult ” Children

The Care of the Homeless

Air Raid Shelters

provisions

notes on principal

Post Raid Services : Information
Administrative Centres

and

Ministry of Health,
August, 1941

Ministry of Health,

November, 1942

Ministry of Health,

November, 1944

Ministry of Health,

November, 1941

Ministry of Health,
June, 1941 (and
subsequently
amended)

Ministry of Health,

April, 1943

The “ Report on Conditions in Réception Areas,” by a Com-
mittee under the Chairmanship of Rt. Hon. Sir Geoffrey Shakespeare,
Bart., M.P., published by H.M. Stationery Office in 1941 is also
relevant.



The routine that was standardised in the last war will be generally
applicable, though tactical considérations may affect the siting and
composition of depots.

Ail members of this Section should hâve a knowledge of the
damage control procedure and leaders should be practised in
message writing and map reading. It is important that drivers
also hâve a knowledge of map reading.

Ambulance Section

The pamphlet is available and contains ail the guidance required.
It is emphasised that map reading is an important part of the training
of ail ambulance drivers and attendants.

c

Pioneer Section

There are a number of technical or semi-technical tasks which it
will be difficult to practise. Further guidance will be issued

;

but in the meantime members of this Section can be given training
on the lines prescribed for the Rescue Section.

~

In regard to the Mortuary Service it is emphasised that no
member of the Section should be asked to undertake training
unless he has volunteered or is a member of the profession.

’

Welfare Section

This Section covers a very wide field and as stated in the note
on the Section in the Mémorandum, it is désirable that members
hâve a broad general idea of the duties of the Section. At a later
stage it will be advisable to select volunteers for the functions for
which they are most suitable and concentrate their training on the
appropriate duties.

The following circulars or memoranda, issued recently, provide
background information on which training can be based :

Evacuation Scheme—Billeting

Ministry of Health Circular 37/50
and Mémo. Ev.l, 1950

Ministry of Health Circular 39/50

Care of the Homeless

Ministry of Health Circular 38/50

Give a broad general
picture of the arrange-
ments to be made for the
évacuation of the civilian

population.

Deals with billeting in
war-time.

Gives régulations relating
to the care of the home-
less and outlines the or-
ganisation of the Rest
Centre Service.
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Foreword

t

It is the earnest hope of every good citizen that we shall never hâve
to expérience another war. The Government, while straining every
nerve to do ail in their power to avert the risk, are compelled, in their
efforts to make war less likely, to proceed with civil defence prépara-
tions.

.

These form an essential part of the Defence Programme^ the
sole aim of which is to deter any would-be aggressor. It is a well-
tested axiom that in war victory can be won only by offensive action.
Good defences may delay defeat, but by themselves cannot bring'
victory. But, just as no aircraft can get into the air except from a firm

'

runway, so no armed force can operate except from a firmly derended
base. The defence of that base, of which the civil defence pfj the
United Kingdom is a part, is a first requirement. It may safely be
said that, while civil defence alone could not win a war, the lack of
such defence could lose it. The general object of civil defencé is to
minimise the effects of enemy action but this must be interpreted in
relation to the whole object in war which is to defeat the enemy.
There are measures that could be taken which, while minimisihg the
effects of attack, would wéaken our war effort and reduce our chances
of victory. Ail plans for civil defence must, therefore, bejudged oh
the contribution they make towards victory.

During the past months the Local Authorities hâve madb good
progress with their plans to build up a service to meet the effects of
enemy attacks. So far, no corresponding plans hâve been n ade to
defend our industry and commerce, and this Bulletin has beèni pre-
pared (after discussion with employers’ and employées’ organisa-
tions) to give guidance as to what might reasonably be done at this
stage. The plans described in this Mémorandum do not propos^ the
use of compulsory powers

; we feel sure that ail concerned Witt co-
operate willingly to ensure their efficient application. The Govern-
ment proposes itself to make civil defence arrangements! for^l
Government premises in accordance with the plans set out in thett|
Mémorandum. More recruits are needed for ail the Civil Defence^
Services and we hope, now that the scope of the industrial and
commercial civil defence organisations can be more closely defined,
that those who are not required for duty where they work will feel
able and willing to join their local organisations.
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«

An Efficient scheme for the protection of our industrial and com-
mercial premises, under which the industrial and commercial civil

defenck units, operating under the direct control of the undertakings’

own cfficers, collaborate with the public services, will greatly

strengthen the country’s defences and will thereby contribute to the

prévention of war.

Secretary of State for the Home Department.
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APPENDIX A

Prévention of Fires Caused by Nuciear Explosions1.

As stated in • paragraph 11 of the Bulletin, adéquate précautions

against fires arising from normal sources would materially assist in

reducing the risks arising from fires occurring from enemy action. This

appendix gives details of additional précautions that would need to be

taken against the spécial risks arising from nuciear explosions.

General Considérations

2.

Both the extent to which fires might be caused and the efficacy of

fire prévention measures would dépend largely on the distance of the

promises from ground zéro. As, however, it is impossible to know where
that would be, as many as possible of the recommended précautions

should be taken in ail industrial promises.

3.

The heat rays against which buildings would need to be protected

are those which would arrive at an angle of between 10° and 20° to the

horizontal. This is because, if the heat flash from the explosion descended

at any steeper angle than 20°, it would mean that the point of burst was
near enough to the building for the latter to be destroyed by blast, while if

the angle were shallower than 10° the building would not be in serious

danger from heat flash. Consequently, fires would be most likely to be
started on the roofs and top storeys of buildings since the lower floors of

most buildings would be protected from heat rays by other buildings.

The extent to which buildings are screened must be taken into account in

applying the measures suggested below; it would not, for example, be
necessary to protect Windows on the lower floors of buildings if they gave
no view of the sky at an élévation of much less than 20°.

4.

The heat radiation from the fireball, like that from the sun, is largely

reflected from a white surface and almost wholly absorbed by a dark one.

Combustible material that cannot be screened can therefore be protected

by painting it white or coating it with whitewash. Similarly, painting or
whitewashing the glass of Windows and skylights considerably reduces the

amount of heat that would otherwise enter a building through them. é9à
Whitewash would keep out about 80 per cent of the total heat received

before the window was broken by blast. As explained in paragraph 8 of

the Bulletin, blast travels more slowly than heat and Windows would not

be broken until most of the heat that would reach them had been received.

The proportion that would arrive before the blast would dépend on the

distance from ground zéro, but at a distance of four miles it would probably
be not less than 80 per cent. Whitewashed or painted Windows would
therefore keep out at least 65 per cent of the heat likely to reach any
buildings in the main fire zone.

5.

These general considérations affect the fire précautions to be taken in

ail buildings. Details of their application to particular parts of buildings

are given below.

12
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(Paper at Tripartite Thermal Effects Symposium, Dorking, October 1964)

IGNITION AND FIRE SPREAD IN URBAN AREAS
FOLLOY/ING A NUCLEAR ATTACK

G. R. Stanbury

INITIAL PIRE INCIDENCE

Aaauming that buildings on opposite aides of a Street which is

recelving heat radiation from a direction perpendicular to ita length
are of the same height we take the average dspth of a floor to be 10 ft.

Effeot of Shielding: Estimation of the number of expoaed flooro

Distance
from

explosion

miles

Angle
of

arrivai

oC°

'ffidth

( unit

8

of Street

of 10 ft.)

2 3 B 3 6 B 8

3 15* .3 • 5 1 1 IB 2

4 10 •5 .5 .5 1 Ba 1.5
5 8 •5 .5 .5 .5 OH 1

SPREAD OP PIRE

From laat war expérience of mass fire raids in Germany it waa conoiuded
that the overall spread factor vas about 2; i.e. about twice aa many buildings
were destroyed by fire as were actually set alight by inoendiary bombs

Nuaber of firea started per square mile in the
fire-atorm raid on Hamburg, 27th/28th July, 1943

102 tons H.B. 48 tons, 4 lb. magnésium 40 tons» 30 lb. gel.

100 fire» 27,000 bomba 3,000 bomba

8,000 on buildings 900 on buildings

1 ,600 fires 800 fires

2,500 fires in 6,000 buildings

However, the important thing to note is that the total number of fires
started in each square mile (2,500) vas nearly half that of the total number of
buildings; in other words, almost every other building vas set on fire

When the figure of 1 in 2 for the Geraan fire stors» is ooapared vith the
figures for initial fire inoidance of ro 1 in 1 5 to 30 obtained in the Birmingham
and Liverpool studios it oan only be oonoluded that a nuclear explosion oould not
possibly produce a fire atorm.



SECONDARY FIRES FROM BLAST DAMAGE IN LONDON
Fir» situation froa i .499 flv bomba In the built-up

part of tbe London Région ”

(Fires from 1 ton TNT VI cruise missiles, 1944)

Nunber
of fly
bomba

Fly Bomba Cauaed

No fire Small
fire

Medium
fire

Serioua
fire

Major
fire

Grand Totale 1,499 804 609 75 7 B
Th* largo proportion started no firea at ail even in tho moat heavily built-up aroaa.

Ail the80 fly bonba foll in the aummer montha of 1 944 which woro urmsually
dry. In wintor in thia oountry in reaidontial aroaa there are many open firea
«hioh nay provide extra aourcea of ignition. The domestic occupanoy ia a low

x*i#k howovor» and aa the proportion of auoh property in the important City
and Weat Snd aroaa ia email thia ahould not introduce any aorioua error , Hore-
orer, in winter, the high atmoapherlo humidity and the correapondingly high
moiature oontent of tiabor vould tend to retard or even provont the growth of fire*

Takata, A.N., Mathematical Modeling of Fire Detenses,

IITRI, March 1970, AD 705 388.



A. U. Western "Some eimplified théories about nass fires". Proceedinge
of Mass Pire Research Symposium held DASA, Washington D.C. Ftebruary 1967*
DASIAC spécial report 59 publiehed October 1967»

December 1966 SA/Hl 102
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S<im 8impHfied théories about maaa fires
by A.H. Western

1 1 If rain falls during a bum, heat production is redixed by 620 cals per
gram of water falling on a pile.

HOME OFFICE

SCIENTIFIC ADVISER’S BRANCH

Water Calorimeters and Bumimt Rates in Flambeau 1967

by A. U. Western

Application to Fireetorms

14. Historical fireetorms were marked by an unusually high casualty rate - about

20$ at Hamburg. Why vas this so?

As the fire density ie increased, the casualty rate starts to climb
steeply when the léthal radius about each fire starts to overlap with
its neighbour* s. Applying this to terraced housing, assume a man is
a casualty if hie house, the houee opposite the front door, and the
house opposite the back door, are ail alight.

Rence Casualty rate - C - p ^ (i)
where p •» fraction of houeee alight.

Fbr erample, if p- 10$, which is reasonable for many group
fires, then C » 0.1 $, while forp- 60$, which is the order
of magnitude of ignitione in Hamburg, C • 22$. Hence this
theory could explain the high casualty rate on its own.

Trapping
by heat
& fumes



Thermal Radiation from Nuclear Détonations in Urban Environments

R. E. Mans, W, C. Moss, and B. Whitlock

Lawrence Livennore National Laboratory

UCRL-TR-231 593

June 7, 2007
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Eveil without sliadowing, the location of most of the urban population witliin

buildings causes a substantial réduction in casualties compared to the unshielded

estimâtes. Qther investigators hâve estimated that the réduction in bum injuries may be

greater tlian 90% due to shadowing and the indoor location of most of tlie population [6]

We hâve skown that coimnon estimâtes ofweapon effects that calculate a

‘ïadius” for thermal radiation are clearly misleading for surface bursts in urban

environments. In many cases only a few nnshadowed vertical surfaces, a small fraction

of the area witliin a thermal damage radius, receive the expected beat flux.
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FIRE Fl TING
FOR

HOUSEHOLDERS

Foldcd newspapcrs may not take Buckcts of water and sand are

lire, but loosely crumpled ones will. essential.

The* answer? Get rld of trash. Water is an effective fire flght-

A wet mop or broom will snuff Ing agent because it smothers and

out small tires. So will a burlap cools at the samo time.

bag or a small rug soaked In water.
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Feasibllitv

In the typical household, some matériels viLl generally be available for

covcring Windows against thermal radiation. One half roll of alumlnum foil would

2
covcr about 25 ft and would provide very effective covering for 1 to 2 Windows

(those mo8t likely to face the blast). Sufficient quantitics of elther llght

colored paint» Bon Ami, or wliiting would be available ln most households to

cover Windows. Aluminum s créons attenuatc from 30 - 50% of the thermal radiation

and hencc screcns should be closcd or installed.

2
The amount of vater per square foot required to dlssipate 25 cal/cm of

thermal radiation can quickly be calculated from the beat of vaporization of

water (580 cal/gm). Allowing 907. losscs due to absorption or spillage, one

2
gallon of water is sufficient to wet 10 ft of material so that it can withstand

2
25 cal/cra of direct thermal radiation (i«c., the radiation is normal to the

material surface at ail points). Since the average daily water consomption per

service (Référencé 3) is about 700 gallons, it is apparent that the wetting of

interlor flammablea (pllcd up curtains, furniture, etc.) is feasible in most

cases when used in conjunctlon wlth the other measures.

3* Statistical Abstracts of the United States . Washington: U. S.
Government Printing Office, 1962,
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PAGE 5:

The amount of heat received by unit area of a surface in one second provides

a convenient unit for measuring radiation. The scientific unit of heat is the

calorie. This is the amount of heat required to raise the température of one
gramme of water by one centigrade degree.

TABLE 1

THE EFFECT OF VARIOUS INTENSITIES OF RADIATION

Sensation or effect Intensity

cal/cm2/sec

Summer sunshine in England
Pain after 3 sec

20 KT TIME-TEMPERATURE CURVES FOR MAHOGANY WHEN
IRRADIATED WITH A PEAK INTENSITY OF 5*9 CAL/CM 2/SEC

PAGE 13:

The radiation falling on any material will heat up the surface and if the

radiation is sufficiently intense to bring the surface to a température of about
500 °C, it will burst into fiâmes. Two factors tend to prevent this : first, as

soon as the surface becomes hot it proceeds to lose heat by conduction to the

bulk of the material behind the surface, and secondly, heat is lost by the increased

radiation from the surface.

. . . the water has to be heated and finally vaporized at 100°C before the

température of the wood can rise to the ignition point.



APPARENT POSITION OF FIRE BALL
(Height of burst 600 ft.)

A
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PAGES 13-14:

It seems unlikely that flat wooden surfaces exposed to radiation from the

bomb will give rise to a continuing fire.

. . . The température below the surface faits away very rapidly. Once the

surface is ignited, the material will burn to a depth at which a température of

250°C has been reached. It will be seen that the burning is very superficial and

does not penetrate to a depth of more than 0-4 mm ; this would not, in ail

probability, give rise to a continuing fire.

THE PHYSIOLOGICAL EFFECT OF HEAT RADIATION

If a sufficient quantity of heat radiation falls on the human skin, burns will

resuit which are similar to those obtained by handling hot bodies. These, of

course, may be prevented by covering the exposed parts of the skin with some
material which is not readily flammable, for example leather or woollen gloves

would be suitable for the hands, and a woollen or treated cotton Balaclava for

the face. Estimations hâve been made by Buettner of the intensity of

radiation necessary to produce permanent tissue necrosis at various depths

in the skin for exposures of 2 seconds to constant radiation intensities of 1 *0,

T5, 2*0, 2*5, and 3*0 cal/cm2/sec ; the results indicate that necrosis will occur

up to 0 05, 0-24, 0-42, 0-56, and 0-66 mm.

O IOOO 2000 3000 4000 5000 6000 7000 8000 9000 IQOOO

DISTANCE - FEET

20 KT TIME OF ARRIVAL OF BLAST



PAGE 19:

It is not likely that lires will be started on the exterior surfaces of buildings.

Doors and window frames may inflame momentarily, but as we hâve seen, it is

unlikely that they will cause continuing lires. The main danger will corne from

the materials usually found indoors. The walls of the buildings are, of course,

opaque to heat and light radiation, so that this could only enter by means of

Windows or doors that open directly to the outside.

(Height of burst 600 ft.)

^ M ILE 1 MILE 1& MILES

DIRECTION OF HEAT FLASH PAYS AT VARIOUS DISTANCES

The first lire précaution is to keep as far as possible ail readily flammable

materials outside the danger zone. These include papers, textiles, upholstery,

etc. Plane wooden surfaces will not cause a continuing lire and it would only

be necessary to move furniture if it were upholstered. The second précaution

is to try to stop the heat radiation entering the room, and this can be done, for

example, by fixing some incombustible board across the window space. Any
board which is opaque to light radiation will also form a barrier to the heat.

PAGE 21:

Glass will pass nearly ail visible radiation, that is why it can be seen through ;

but it is quite efficient at stopping heat radiation, and will in fact absorb about

two-thirds of that falling on it. The absorption of glass for both heat and light

radiation can be improved by coating it with white paint or whitewash and when

the coverage is 14 sq. ft./lb., the glass will pass only one-fifth of the radiation

falling on it.

PAGE 25:

Curtains and blackout may be treated with a solution of boric acid and borax.

This will prevent the ignition of these cotton fabrics during the flash period

until the intensity has been raised by about 40 per cent over that normally re-

quired for ignition, but more important still, it will remove the chance of a
continuing lire. This solution would not, of course, be suitable for the treatment

of upholstery or papers which it is necessary to leave lying about. These should

be covered by sheets treated with borax-boric acid solution, woollen blankets,

or polyvinyl chloride sheeting, or in fact any material which is not readily ignited.

If the suggested treatments are carried out white cotton will require an intensity

of about 4 -9 cal/cm2/sec before ignition takes place. Five times as much radiation

as this could be allowed to fall on the glass window before ignition takes

place, as four-fifths would be stopped by the treated glass.
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The probable fire situation in a British city

35 Japanese bouses are constructed of wood and once they were set on
fire they continued to bum even when knocked over. In this country
only about 10 per cent, of ail the material in the average house is

combustible, and under conditions of complété collapse, where air

would be almost entirely excluded, it is doubtful whether a fire could
continue on any vigorous scale.

40 It seems unlikely from the evidence available that an initial density

of fires équivalent to one in every other building would be started by a

nuclear explosion over a British city. Studies hâve shown that a much
smaller proportion of buildings than this would be exposed to thermal

radiation and even then it is not certain that continuing fires would

develop. Curtains may catch fire, but it does not necessarily follow that

they will set light to the room; in the last war it was found that only

one incendiary bomb out of every six that hit buildings started a

continuing fire.

From a 10 megaton bomb, with its longer lasting thermal

radiation (see paragraph 21), it takes about 20 calories per square

centimètre to start fires because so much of the heat (spread out over

the longer émission) is wasted by conduction into the interior of the

combustible material and by convection and re-radiation whilst the

température of the surface is being raised to the ignition point. But
the distance at which 20 calories per square centimètre can be produced
is only 11 miles, so that the scaling factor for a 10 megaton airburst

bomb is therefore 11 and not 22.

43 For a ground burst bomb, however, several other factors contribute
to a further réduction in the fire range. Apart from an actual loss of
heat by absorption into the ground and from the pronounced shielding

effect of buildings, the débris from the crater tends to reduce the
_radiating température ot the îireball and a greater proportion of the"

eneray is consequently radiated in the infra red région of the spectrum
.—this proportion being more easily absorbed by the atmosphère.

44 An important point in relation to Personal protection against the
etfects of hydrogen bomb explosions is that because the thermal
radiation lasts so long there is more time for people who mav be
caught in the open, and who may be well beyond the range of serious
danger from blast, to rush to cover and so escape some part of thë
exposure. For example, people in the open might receive second
degree bums (blistering) on exposed skin at a range of 16 miles from a
lu megaton ground burst bomb (8x2—see paragraph 24). ïf.

however, they could take cover m a few seconds they would escape
this damage. Moreover, at tins range the blast wave would. not arrive

for another minute and a half so that any erfects due to the blast In
the open (e.g. flying glass, etc.) could be completely avoided,.
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Weapon test report WT-774, Project 8.1 la, Incendiary etfects on buildings and interior kindling fuels

ENCORE test. Nevada, 1 953 Immédiate room flashover during thermal puise
10' x 12' wooden houses with 4' x 6' Windows ("Encore effect") in inflammables-filled house

17 calories/sq. cm thermal flash while fire-resistant fabrics in other house survived!

LEFT HOUSE: fire-resistant furnishings RIGHT HOUSE: non-fire résistant furnishings

(woolen rugs and clothes, vinyl plastic draperies) plus inflammable magazines and newspapers

Smouldering armchair extinquished 1 hour after détonation, when recovery party arrived at house



eue for survival
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A.E.C. NEVADA TEST SITE

MAY 5, 1955
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EFFECTS OF NUCLEAR WEAPONS

BY HAROLD L. GOODWIN,

Directorj Atomic Test Operations, FCDA

The time of travel of the shock wave is not generally understood by

many persons. The concept of “duck and cover,” which would still be of

great value in case of attack without warning, is based on the comparatively

large time interval between the burst and arrivai of the shock wave at a

given point.

92

BIOMEDICAL EFFECTS OF THERMAL RADIATION

by dr. herman elwyn pearse, Professor of Surgery at the Uni-

versity of Rochester. Consultant to several Government départ-

ments, notably the Atomic Energy Commissions Division of

Biology and Medicine. Consultant to the Armed Forces Spécial

Weapons Project

After the Bikini test, I was asked to go to Japan as a consultant for the

National Research Council to survey the casualties in Nagasaki and Hiro-

shima.

140

Then we observed the healing of the wounds, and we found again that

the wounds healed in the same manner as those that we had produced in

the laboratory. There was some différence in these lésions from the ordi-

nary burns of civil life, but I would predict, from what I learned from experi-

ments, that the différence is on the good side. The burns look worse; they

are often charred, but they may not penetrate as deeply, and the char

acts as a dressing, nature’s own dressing.

142

For example, if you hâve 2 layers, an undershirt and a shirt, you will get

much less protection than if you hâve 4 layers; and if you get up to 6 layers,

you hâve such great protection from thermal effects that you will be killed

by some other thing. Under 6 layers we only got about 50 percent first

degree burns at 107 calories.

143

If we can just increase the protection a little bit, we may prevent

thousands and thousands of burns.

... For example, to produce a 50-percent level of second-degree

burns on bare skin required 4 calories. When we put 2 layers of cloth in

contact, it only took 6 calories. But separate that cloth by 5 millimeters,

about a fifth of an inch, and it increases. the protective effect 5 times. The
energy required to produce the same 50-percent probability of a second-

degree bum is raised up to 30 calories. So if you wear loose clothing, you

are better off than if your wear tight clothing.

144



Abridged THE BURN SURFACE AS A PARASITE

WATER LOSS, CALORIC DEMANDS, AND THERAPEUTIC IMPLICATIONS

Cari Jelenko, III, M.D.

Department of Surgery

University of Maryland School of Medicine and Hospital

Baltimore, Maryland

Water is Lost through Burned Skin

If, during the first 48 hours after injury, no more fluid is given to
an extensively burned patient than he would need in health, the un-
compensated loss of fluid from his circulation may cause shock, and if
sufficiently severe, death.

Heat is Lost Nécessita ting a High Food Intake

To make matters worse, évaporation of moisture from the wound
surface saps not only the body's water stores but its energy stores
as well. When water evaporates from the burned surface, cooling re-
suit s and the body loses heat. The larger the burn wound, the more
water loss and the more heat or energy loss.

How Can the Fluid and Heat Losses Be Diminished?

Think Plastic Wrap as Wound Dressing for

Thermal Burns
ACEP (American College of Emergency Physicians) News
http://www.acep.org/content.aspx?id=40462

August 2008

By Patrice Wendling

Elsevier Global Medical News

CHICAGO - Ordinary household plastic wrap makes an excellent, biologically safe wound
dressing for patients with thermal burns en route to the emergency department or burn unit.

The Burn Treatment Center at the University of Iowa Hospitals and Clinics, Iowa City, has

advocated prehospital and first-aid use of ordinary plastic wrap or cling film on burn wounds for

almost two décades with very positive results, Edwin Clopton, a paramedic and ED technician,

explained during a poster session at the annual meeting of the American Burn Association.

Dr. G. Patrick Kealey, newly appointed ABA president and director of emergency general

surgery at the University of Iowa Hospital and Clinics, said in an interview that plastic wrap

reduces pain, wound contamination, and fluid losses. Furthermore, it’s inexpensive, widely

available, nontoxic, and transparent, which allows for wound monitoring without dressing

removal.



MORTALITY

(p*fC«nt)

L. Wayne Davis, Donald L. Summers, William L. Baker, and James
A, Keller, Prédiction of Urban Casualties and the Medical Load from
a High-Yield Nuclear Burst , DC-FR-1060, The Dikewood Corporation

PROMPT-THERMAL MORTALITY CURVES FROM SURFACE BURSTS
FOR OUTSIDE-UNSHIELDED PERSONS

Unless you are nude

outdoors, 6.7 cal/cm2

is not léthal
,
contrary

to the OTA report!
8 10 20 40

THERMAL EXPOSURE (col/cm2)

Uniform protection: Hiroshima, "léthal" 6.7 cal/cm2 II!Shirt protection: Nagasaki

PROTECTION AGAINST RADIANT HEAT. This patient (photographed by Japanese 2 October 1945) tvas about 6,500
feet from ground zéro uhen the rays struck him from the left. His cap was sufficient to protect the top of bis head
against flash bums.

Above: Hiroshima soldier only burned on unclothed skm
(1946 USSBS report on Hiroshima and Nagasaki, page 16)

[Data based on Hiroshima assuming 12.5 kt

yield. For the 2002 revised 1 6 kt yield in DS02,

thermal exposures must be increased by 28%]



Weapon test report WT-775, Project 8.1 1 b,

ENCORE nuclear test. Nevada, 1953:

Decayed White Decayed +

fence washed trashed

BURNED AFTER NO
15 MINUTES FIRE

IMMEDIATE
IGNITION

6' x 6' wood trame houses
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Préparée! for

:

OFFICE OF CIVIL DEFENSE
DEPARTMENT OF DEFENSE
WASHINGTON 25, D.C.

By: Jack C. Rogers and T. Miller

SRI Project No. ÏMU-4021

Approved:

(f^)

ROBERT A. HARKCR, DtRECTOR
MANAGEMENT SCIENCES DIVISION

OCD REVIEW NOTICE

Thîs report represents the authors' vîews, which in general are în harmony wîth the

technical crîteria of the Office of Civil Defense. However, a prelîminary évaluation

by OCD indîcatos the need for further évaluation of the fîre threat of nuclear weapons
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NOTE: discrepancies are due to HUMIDITY différences »

ENCORE nuclear test (Nevada desert) humidity was ONLY 19%
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dling

B. , On Predictlng the Ignltion Susceptibl lity of Typlcal Kln-

Fuels to Ignltion by the Thermal Radiation from Nuclear Dét-

onations , Tech. Report 367 f U. S. Naval Radiological Defense Laboratory,

San Francisco, Calif .

,

April 1959. (ü)

Sources:
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et
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and
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A parameter that is useful for calculating ther-

mal response of materials is the characteristic

thermal response time r
0 ,

given by the équation

r0 = pC
v
L 2 /k sec,

where k is thermal conductivity (cal-sec*
1

cm’^C 1

), pC
p

is heat capacity per unit volume

(p » density in g-cm' 3 and C = spécifie heat at

constant pressure in cal-g*
1 °(7 1

), and L is the

thickness, in centimeters, of the layer of

material.

The quantity

9 This équation is useful, but it is-by no means exact. The

ified heat-flow analysis from which this équation is derived

neglects the effccts of radiation and convection heat losses from

the surfaces of the exposed sampie. ]t also assumes an isotropie

medium, i.e.. a medium whose structure and properlies in the

neighborhood of any point are the same relative to ail directions

through the point. It also neglects the changes in thermal prop-

erlies that occur as the exposed material beats, volatilises, chars,

and bursts into flame.

The heat absorbed by the wood before it begins

to scorch is equal to the product of the incident

radiant energy, Q, and the absorption coeffi-

cient, A.

is called thermal diffusivity (cm2
/sec). Use of

this quantity simpües the previous équation to

9-16

For any particular material exposed

to a rectangular puise of length r, the previous

équation can be transformed to give a character-

islic thickness

6 \/ôâr cm.

AT - Qd <?A - QA
s p6C

p
pC

p
y/œr pC

p
VrkJpCç

'

where AT
y

is the peak température rise at the

surface. The parameters that define the thermal

puise mav be separated from those that define

the material properlies. and

I Q
f

A —\
\\' t/*\Vkïç)

For a fixed rectangular puise. Q\ t is a con-

stant. and the équation may be written

for which the characteristic time is equal to the

puise duration. If a thick slab of this material is

exposed to a puise of length r. the température

rise at the surface is the same as would be pro-

duced by uniformlv distributing the absorbed

thermal energy in a slab of thickness Ô. and the

peak température rise at depth 6 in the thick

slab is about half as great as the peak tempera-

ture rise at the surface.

For example, consider a block of red

pine that is exposed to 1 5 cal/cm2 from a rec-

tangular puise of 3 seconds duration. From
Table 9-1.

à = Vôf = V(24 X 1

0* 3
)(3 )

= 0.085 cm.

Sustained ignition only occurs

when higlier radiant exposures raise the tempéra-

ture throughout the thickness of the cellulose to

a level that is sufficiently high to sustain the

flow of combustible gases front breakdown of

the fuel. It is difficult to supply sufficient

energy with short puises, since a large amount of

the energy that is deposited is carried away by

the rapid ablation of the thin surface layer. This

transient flaming phenomenon is typical of the

response of Sound wooden boards to a thermal

puise.

9-17
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Table 9-1. Thermal Properties of Materials

Materials

Density, p
(gm/cm3 )

Spécifie

Heat, CE
(cal/gm • C)

Conductivity, k

(cal/sec • cm • ®C)

Diffusivity, a
(cm2 /sec)

lnsulating Materials

Air 9.46 x 10
-4

0.24 0.55 X 10-4 0.22

Asbestos 0.58 0.20 4.6 X 10
-4

40. x 10**

Balsa 0.12 0.4 1.2 X 10*4 25. x 10*4

Brick (common red) 1.8 0.2 16. X 10
-4

18. x 10-4

Celluloïd 1.4 0.35 5.0 X îo
-4

10. x 10"4

Cotton, sateen, green 0.70 0.35 1.5 X 10-4 2.5 x 10”4

Fir, Douglas-

spring growth 0.29 0.4 2. X I0"
4

17. x 10*4

summer growth 1.00 0.4 5. X 10"4 12. x 10
-4

Fir. white 0.45 0.4 2.6 X 10”4 14. x 10”4

Glass, window 2.2 0.2 19. X 10-4 43. x lO"
4

Granité 2.5 0.19 66. X lO
-4

140. x 10”4

Leather sole 1.0 0.36 3.8 X 10
-4

11. x 10*4

Mahogany 0.53 0.36 3.1 X îo
-4

16. x 10
-4

Maple 0.72 0.4 4.5 X 10*4 16. x 10
-4

Oak 0.82 0.4 5.0 X 10"4 15. x lO"
4

Pine, white 0.54 0.33 3.6 X îo
-4

18. x 10*4

Pine, red 0.51 0.4 5. X 10
-4

24. x 10"4

Rubber, hard 1.2 0.5 3.6 X 10*4 60. x 10*4

Teak 0.64 0.4 4.1 X 10
-4

16. x 10”4

Metals (100°C)

Aluminum 2.7 0.22 0.49 1.0

Cadmium 8.65 0.057 0.20 0.45

Copper 8.92 0.094 0.92 1.1

Gold 19.3 0.031 0.75 1.2

Lead 11.34 0.031 0.081 0.23

Magnésium 1.74 0.25 0.38 0.87

Platinum 21.45 0.027 0.17 0.29

Silver 10.5 0.056 0.96 1.6

Steel, mild 7.8 0.11 0.107 1.2

Tin 6.55 0.056 0.14 0.38

Miscellaneous Materials

ice (0°C) 0.92 0.492 54. x 10*4 120. X lO”
4

Water 1.00 1.00 14. x 10
-4

14. x lO
-4

Skin (porcine, dermis, dead) 1.06 0.77 9. x 10"4 11 . X lor
4

Skin (human, living, averaged 1.06 0.75 8. x 10
-4

30. X 10*4

for upper 0.1 cm)

Polyethylene (black) 0.92 0.55 8. x 10
-4

17. X icr
4

9-18



Thermal flash on forest leaf canopy produces smoke-screen

(in Nevada and Pacific nuclear tests), shadowing dry leaf lifter

Fuels seldom burn vigorously, regardless of
The high degree of shading by tree crowns wind conditions, when fuel moisture content ex-

and stems for détonations at orbelow the canopy ceeds about 1 6 percent. This corresponds to an
level often may be offset by scattering of burn- equilibrium moisture content for a condition of
ing débris ignited within the firebalL 18-59 80 percent relative bumidity. 1640

ELEVATION ANGLE (degrees)

Figure 15-41. Probability of Exposure of Forest Floor for Different

Levels of Tree Density

Table 15-13 Burning Durations by Fuel Type

Violent Burning Residual Burning

Fuel Type

Time

(min)

Energy

Release

(percent)

Time

(min)

Energy

Release

(percent)

Total Burning

Time

Grass 1.5 90 0.5 10 30 min

Light Brush

(12 tons/acre) 2. 60 6. 40 16 hr

Medium Brush

(25 tons/acre) 6. 50 24. 50 36 hr

Heavy Brush

(40 tons/acre) 10. 40 70. 60 72 hr

Timber 24. 17 157. 83 7 days



Table 1 S—1

1

Fuel Type

Criteria of "No-Spread" of Fires

Criteria

Ail forest fuels

Grass

Brush or hardwoods

Conifer timber

Over I inch of snow on the ground at the nearest weather stations.

Relative humidity above 80 percent.

0.

1.inch of précipitation or more within the past 7 days and:

Wind 0-3 mph; relative humidity 60 percent or higher, or

Wind 4-10 mph; relative humidity 75 percent or higher, or

Wind 1 1 -25 mph; relative humidity 85 percent or higher.

1. One day or less since at least 0.25 inch of précipitation and:

Wind 0-3 mph; relative humidity 50 percent higher, or

Wind 4-10 mph; relative humidity 75 percent higher, or

Wind 1 1-25 mph; relative humidity 85 percent or higher.

2. Two to three days since at least 0.25 inch or précipitation and:

Wind 0-3 mph; relative humidity 60 percent or higher, or

Wind 4-10 mph; relative humidity 80 percent or higher, or

Wind 1 1-25 mph; relative humidity 90 percent or higher.

3. Four to five days since at least 0.25 inch of précipitation and wind 0-3 mph; relative

humidity 80 percent or higher.

4. Six to seven days since at least 0.25 inch ofprécipitation and wind 0-3 mph; relative

humidity 90 percent or higher.

Ü

shielding from the wind and shading from sun-

light by the canopy. The spread or no-spread

criteria are summarized in Table 15-11. This

table lists the conditions under which fire would

expected to spread.

The criteria of Table 15-11 hâve been

compared to the records of 4,378 wildland fires.

Of the fires for which “no spread” would be pre-

dicted, 97.8 percent did not spread: only 40 per-

cent of the fires that were predicted to spread

actually did spread (at a rate of 0.005 mph or

faster). This failure to spread often may be at-

tributable to lack of fuel continuity around the

»3f origin.

The criteria of Table 15-11 are considered

reliable for American forests and suitably

conservative to assure a low level of hazard to

friendly forces. On the other hand, the criteria

are probably not overly conservative to predict

conditions for which enemy forces may be denied

forested areas because of fire whenever the local

weather history and conditions at the time of

15-61



SURVIVAL IN FIRE AREAS

The best documented fire storm in his-

tory (but not the one causing the greatest loss of

life) occurred in Hamburg, Germany during the

night of July 27-28, 1943, as a resuit of an

incendiary raid by Allied forces. Factors that

contributed to the fire included the high fuel

loading of the area and the large number of

b^^igs ignited within a short period of time.

The main raid lasted about 30 minutes.

Smce the air raid waming and the first high ex-

plosive bombs caused most people to seek shel-

ter, few fires were extinguished during the at-

tack. By the time the raid ended, roughly half

the buildings in the 5 square-mile fire storm area

were burning. many of them intensely. The lire

storm developed rapidly and reached its peak in

tw^r three hours.

Many people were driven from their

shelters and then found that nearly everything

was burning. Some people escaped through the

streets; others died in the attempt; others return-

ed to their shelters and succumbed to carbon

monoxide poisoning.

Estimâtes of the number that were killed

range from about 40,000 to 55,000. Most of the

deaths resulted from the fire storm. Two equally

heavy raids on the same city (one occurred two

nights earlier; the other, one night later) did not

produce fire storms, and they resulted in death

rates that hâve been estimated to be nearly an

order of magnitude lower.

» More surprising than the number killed

number of survivors. The population Of

the lire storm area was roughly 280,000. Esti-

mâtes hâve been made that about 45,000 were

rescued, 53,000 survived in non-basement shel-

ters, and 140,000 either survived in basement

shelters or escaped by their own initiative.

9-25 Causes of Death

The evidence that can be reconstructed

from such catastrophes as the Hamburg fire

storm indicates that carbon monoxide and ex-

cessive heat are the most frequent causes of

death in mass fixes. Since the conditions that

offer protection from these two hazards gener-

ally provide protection from other hazards as

well, the following discussion is limited to these

two causes of death.

Carbon Monoxide. Burning consists of a

senes of physical and Chemical reactions. For

most common fuels, one of the last of the reac-

tions is the burning of carbon monoxide to form

carbon dioxide near the tips of the fiâmes. If the

supply of air is limited, as it is likely to be if the

fire is in a closed room or at the bottom of a pile

of débris from a collapsed building, the carbon

monoxide will not bum completely. Fumes from

the fire will contain a large amount of this taste-

less^dorless, toxic gas.m During the Hamburg fire, many base-

ment shelters were exposed to fumes, lmperfect-

ly fitting doors and cracks produced by explod-

ing bombs allowed carbon monoxide to pene-

trate these shelters. The natural positions of

many of the bodies recovered after the raid indi-

cated that death had often corne without wam-
ing, as is frequently the case for carbon mon-
oxide poisoning.

Carbon monoxide kills by forming a

more stable compound with hemoglobin than

either oxygen or carbon dioxide will form.

These latter are the two substances that hemo-
globin ordinarily carnes through the blood

stream. Carbon monoxide that is absorbed by

the blood reduces the oxygen carrying capacity

of the blood, and the victim dies from oxygen

deficiency.

« As a resuit of the manner that carbon

ride acts, it can contribute to the death of

a person who leaves a contaminated shelter to

attempt escape through the streets of a burning

city. A person recovering from a moderate case

of carbon monoxide poisoning may feel well

while he is resting, but his blood may be unable

9-28



to supply the oxygen his body needs when he

exerts himself. After the air raid at Hamburg.

victims of carbori monoxide poisoning. appar-

ently in good health. coilapsed and died from

the strain of walking away from a shelter. It is

suspected that many of the people who died in

the streets of Hamburg were suffering from

inçipient carbon monoxide poisoning.

Heat. The body cools itself by perspira-

tion. When the environment is so hot that this

method faits, body température rises. Shortly

thereafter, the rate of perspiration decreases

rapidly. and. unless the victim finds immédiate

relief from the heat, he dies of heat exhaustion.

Death from excessive heat may occur in an in-

adequately insulated shelter: it also may occur in

the streets if a safe area cannot be located in a

short time.

9-26 Shelters

The results of the Hamburg tire storm

illustrate the value of shelters during an intense

mass fire. The public air raid shelters in Ham-
burg had very heavy walls to resist large bombs.

Reinforced concrète three feet thick represented

typical walls. Some of these shelters were fit ted

with gas proof doors to provide protection from

poison gas. These two features offered good pro-

tection from the heat and toxic gases generated

by the fire storm.

fi The public shelters were of three types:

Bunkers. These were large buildings of

several shapes and sizes, designed to with-

stand direct hits by large bombs. The fire

storm area included 1 9 bunkers designed to

hold a total of about 15,000 people. Prob-

ably twice this number occupied the

bunkers during the fire storm, and ail of

these people survived.

• Splinterproof Shelters. These were long

single story shelters standing free of other

buildings and protected by walls of rein-

forced concrète at least 2-1/2 feet thick.

No deaths resulting from the fire storm

were reported among occupants of these

shelters. These structures were not gas-

proof. Distance from buming structures

and low height of the shelters probably

provided protection from carbon mon-
oxide.

• Basement Shelters. The public shelters that

were constructed in large basements had

ceilings of reinforced concrète 2 to 5 feet

thick. Although reports indicate that some.

of the occupants of these shelters survived

and some did not, statistics to indicate the

chance of survival in such structures are not

available.

• Private Basement Shelters. Private base-

ments were constructed solidly, but most

of them lacked the insulating value of very

thick walls and the protection of gas-tight

construction. Emergency exits (usually

leading to another shelter in an adjacent

building) could be broken if collapse of thé

building caused the normal exit to be

blocked. As a resuit of the total destruction

in the fire storm area, this précaution was
of limited value. Many deaths occurred in

these shelters as a resuit of carbon mon-
oxide poisoning, and the condition of the

bodies indicated that intolérable heat fol-

lowed the carbon monoxide frequently. In

some cases, the heat preceded the poison-

ous gas and was the cause of death. Gen-
erally, these shelters offered such a small

amount of protection that the occupants

were forced out within 1 0 to 30 minutes.

Most of these people were able to move
through the streets and escape. Others were

forced out later when the fïre storm was
nearer its peak intensity, and few of these

escaped. A few people survived in private

basement shelters.

9-29



THERMAL RADIATION FROM NUCLEAR EXPLOSIONS

Harold L. Brode

The RAM) Corporation, Santa Monica, California

P-27U5 August 1963

-17-

We hâve ail had the frustrating expérience of trying to light a

fire vith green, moist, or wet vood. Just as wet vood can*t be easily

induced to burn, so thick combustibles are not easily ignited. Even

a dry tvo-by-four burns reluctantly and stops burning when taken out

of the fire. It is a different matter vith a shingle or a bunch of

kindlingl Density also plays a rôle, a heavier combustible being

harder to ignite than lighter-veight material. Of course, the chemistry

of the material to the degree that it influences kindling températures

and flammability, is an important parameter. Modem plastics tend to

smoke and boil - to ablate but not to ignite in sustained burning -

whlle paper trash burns readily.

Just as most materials are not particularly sensitive to the

sun' s thermal radiation, and are not highly inflammable nor even

ignitible, the surfaces exposed to the thermal intensity of a nuclear

explosion are generally not given to sustained burning. Veiy intense

heat loads may mar or melt surfaces, may char and burn surfaces vhile

the heat is on, but may snuff out immédiately afterward.

-l8-

PRIMARY AUD SECONBARY FIRES FROM NUCLEAR EXPLOSIONS

Although thermal radiation vould start many fires in urban and

in most suburban areas, such fires by themselve6 vould seldom con-

stitute a source of major destruction. Outside the région of exten-

sive blast damage, fires in trash piles, in dry palm trunks, in roof

shingles, in auto and household upholstery, drapes, or flammable

stores are normally accessible and readily controllable . By the very

fact that these fires start from material exposed to the incident

light, they can be easily spotted and, in the absence of other dis-

tractions, can be quickly extinguished. Where the blast effects are

severe and damage extensive, little effective fire fighting is llkely.
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Even without shadowing, the location of most of the urban population within

buildings causes a substantial réduction in casualties compared to the unshielded

estimâtes. Other investigators hâve estimated that the réduction in bum injuries may be

greater than 90% due to shadowing and the indoor location of most of the population [6],

L A W R E N C

LIVERMORE
NATIONAL
LABORATORY

Thermal radiation

from nuclear

détonations in We hâve shown that common estimâtes of weapon effects that calculate a

l
urban environments “radius” for thermal radiation are clearly misleading for surface bursts in urban

environments. In many cases only a few unshadowed vertical surfaces, a small fraction

June 7, 2007 of the area within a thermal damage radius, receive the expected heat flux.
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in modem high-rise cities
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FIRE MORTALITY CURVES DC-P-1060

PEAK POWER DENSITY ( I06 Btu/mi2 *tc)

T. E. Lommasson and J. A.

Keller, “A macroscopie view
of fire phenomenology and
mortality prédiction,”

Dikewood Corp., report DC-
TN-1 058-1, December 1966

(Paper presented at the

Symposium on Mass Fire

Research conducted
February 6-9, 1967 under the

auspices of the Panel N-3,

Thermal Radiation, of the

Technical Coopération

Program).
i

Heilbrann^/.

Dresden .

Hamburg

INTENSE

FIRESTORMS

(GERMAN CELLARS)

Darmstadt

NUCLEAR EXPLOSIONS

|

(HIROSHIMA AND NAGASAKI)

f
y Aamori • %

• Barmen %

Freiberg N
• Hiroshima *Fukui \
• Solingen • Friedrickshafen 1

* Aachen . uim *Tôyama ^Chosi

• Nagasaki Fukuyama

Hamburg firestorm area = 45% area covered

by buildings containing 70 Ib/sq. ft of wood

Hence 0.45 x 70 = 32 Ib/sq. ft of wood loadlng

Every 1 Ib of wood = 8000 BTU of energy

Over 2.9 hours: 685 million BTU/sq. mile/sec.

1 BTU (British Thermal Unit) =

energy for 1 F rise in 1 Ib of water

= 252 calories

Severe firestorms require

600 BTU/sq. mile/second

FATALITIES IN WORLD WAR II FIRES

AVERAGE FIRE SEVERITY (Millions of BTU per sq. mile per second)

Lommasson and Keller, A Macroscopie View of Fire Phenomenology and Mortality

Prédictions, Dikewood Corporation, DC-TN- 1058-1, December 1966.

J. A. Keller, A Study of World War II German Fire Fatalities,

DC-TN-1 050-3, The Dikewood Corporation; April, 1966.

R. Schubert, Examination of Building Density and Fire Loading in the

Districts Eimsbuettel and Hammerbrook of the City of Hamburg in the

Year 1943 (20 volumes, in German), Stanford Research Institute;

January, 1966.



CLEAN WEAPON (4.5 MT, 5% FISSION): REDWING-NAVAJO, 1956

DIRTY WEAPON (5 MT, 87% FISSION): REDWING-TEWA, 1956

COMPARISON OF FALLOUT FROM A CLEAN (LEAD PUSHER) AND A DIRTY (U238 PUSHER) H-BOMB.

BOTH TESTS AT BIKINI ATOLL, OPERATION REDWING, 1956 (WEAPON TEST REPORT WT-1317)

NOTE THAT 1 HOUR REFERENCE DOSE RATES DO NOT EXIST AT 1 HOUR SINCE FALLOUT TAXES LONGER

TO ARRIVE (DATA COLLECTED AT 48 HOURS WERE CORRECTED FOR DEÇAY TO 1 HOUR, MULTIPLYING

THE 48 HOUR DOSE RATES BY A FACTOR OF 100 TO GIVE FAKE 1 HOUR OUTDOOR LAND LEVELS.)



CLEAN BOMB: 3.53 MT (15% FISSION) ZUNI

Figure 2.37

DIRTY BOMB: 5.01 MT (87% FISSION) TEWA



WT-1316 TABLE 2.11

Navajo Tewa

Total Yield, Mt 4.50 5.01

Fission proportion 5%
"Cleaner"

87%
"Dirty

H + 1 Hour Dose Area (mi2
)

Rate (r/hr) Within Contour

1,000 25 450

500 55 1,050

300 80 1,550

100 310 3,500

Two-day Area (mi2
)

Dose, R Within Contour

1,000 20 520

500 30 1,050

300 45 1,500

100 350 3,000
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WT-915 Castle-Bravo 15 megaton H-bomb test of 1 March 1954,
which contaminated a Japanese tuna trawler and islanders

Fig. 5*10 Shot 1, Fallout P&rticulate, Station 250.04

This is a raft downwind in Bikini Lagoon, which received

a land équivalent of 113 R/hr (1 hour reference gamma dose

rate), according to Figures 2.2 and 6.1. Land équivalent

dose rates were 7 times the raft dose rate in the lagoon.

According to Table 1 in Cari F. Miller' s report USNRDL-466,
250.04 received 33.6 (mg/sq ft) / (R/hr at 1 hr) at 59.5 kft.

Hence, 3.8 grams/sq ft.



ACTUAL FALLOUT VISIBILITY FROM 3.53 MEGATON ZUNI NUCLEAR
TEST , BIKINI ATOLL , 1956 (LAND SURFACE BURST) IN CIRCULAR

FALLOUT COLLECTION TRAYS (INNER DIAMETER 8.2 CM)

,

WT-1317

.

4.10 Close and distant particle collections

A HEAVY
COLLECTION
FAR OUT

15 MINUTE EXPOSURE

TRAY NO 411

YAG 40, B-7
ZUNI

COLLECTED OVER 15 MINUTES

A HEAVY
COLLECTION
CLOSE IN

15 MINUTE EXPOSURE

TRAY NO. 1204

Y FNB 13, E- 57
ZUNI

TABLE 4.3

PARTICLE-SIZE VARIATION WITH TIME

2,^ Maximum Particle Size (microns) at

Station Time of Arrivai, hr Time of Arrivai Time of Peak Activity Time of Cessation

YFNB 13 0.33 1,400 695 545

YAG 40 3.4 325 300 245
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DISTRIBUTION, CHARACTERISTI CS, AND BIOTIC

AVA I LA B I L I TY OF FALLOUT, OPERATION PLUMBBOB

WT-1488

By:

K. H. Larson, J. W. Neel, H. A. Hawthrone,
H. M. Mork, R. H. Rowland, L. Baurmash,
R. G. Lindberg, J. H. Olafson, B. W. Kowalewsky

Approved by: K. H. LARSON Approved by: L. J. DEAL
Director Chief
Program 37 Civil Effects Branch

Issuance Date : July 26, 1966

Laboratory of Nuclear Medicine and Radiation Biology
The University of California at Los Angeles

Observations of the remains of towers and shielding mater ial after détonation at

several ground zéros indicate that large masses of material are not vaporized. Obser-

vation of the residue of the Smoky tower indicated that a very significant portion of that

tower remained including the upper 200 feet of steel. Another example similar to Shot

Smoky was Shot Apple II, Teapot Sériés. Even though the total yield of Shot Apple II

was about 32 kt, the floor of the cab and the main tower support columns remained

intact. The results of the Shot Fizeau tower melt studies (Reference 3) show that about

85 percent of tower material was accounted for after the détonation and that only the

upper 50 feet of tower was vaporized. No melting occurred beyond 175 feet from the top

of the tower although the fireball theoretically engulfed more than 400 feet of the tower.

These observations indicate that before a realistic approach can be made in

formulating reliable prédiction models, information should be obtained as to how much

material is actually consumed in the formation of fallout particles.

REFERENCES

59

3. W. K. Dolen and A. D. Thornborough; ''Fizeau Tower Melt Studies as

Related to Fallout Prédiction"; Report No. SC-4185, April 1958; Sandia Corporation,

Albuquerque, New Mexico; Classification, Secret.
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A relationship between time of fallout arrivai (T
&)

to time of peak activity (Tp) was derived; Tp =1.4 T .

TIME OF ARRIVAL , H + HOURS

FIGURE 2. 13 Relationship of Time of Peak
Activity as a Function of Time-of-Arrival
of Fallout or Radiation.
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Surv ival of Food Crops
and Livestock in (ho Event

of \uelear War
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Sponsored by

Office of Civil Defense
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U. S. Department of Agriculture

Editors

David W. Bensen
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THE SIGNIFICANCE OF LONG-LIVED NUCLIDES

AFTER A NUCLEAR WAR
R. SCOTT RUSSELL, B. O. BARTLETT, and R. S. BRUCE
Agricultural Research Council, Letcombe Laboratory, Wantage, Berkshire, England

ABSTRACT

The radiation doses from the long-lived nuciides 90
Sr and 1 37

Cs, to which the surviving

population might be exposed after a nuclear war, are considered using a new évaluation of
the transfer of 9 0

Sr into food chains.

As an example, it is estimated that, in an area where the initial deposit of near-in fallout

delivered 100 R/hr at 1 hr and there was subséquent worldwide fallout from 5000 Mt of
fission, the dose commitment would be about 2 rads to the bone marrow of the population

and 1 rad to the whole body. Worldwide fallout would be responsible for the major part of

these doses.

It is now widely recognized that long-lived fission products would make a

negligible contribution to the radiation exposure of the population in heavily

contaminated areas shortly after a nuclear attack. The external radiation dose

would usually be dominant, and, if simple précautions were taken to avoid the

superficial contamination of foodstuffs, the entry of
1 3

1

1 into milk would cause

the only important problem of dietary contamination. Thus, for example,

infants probably would not receive doses of more than 0.1 rad to bone marrow
from 90

Sr nor more than 0.01 rad from 137
Cs in the weeks after a nuclear

attack if they were fed continuously with milk produced in an area where the

external dose rate at 1 hr after détonation had been 100 R/hr. Doses to the

thyroid from 1 3

1

1 might, however, exceed 200 rads.

1958 I 960 1962 1964 1966 1968

Fig. 1 Strontium-90 in fallout and milk in the United Kingdom, 1958 to

1969.

548



EFFECTS OF EXPOSURE TIME AND RATE

P. J. BOTTINO and A. H. SPARROW
Brookhaven National Laboratory, Upton, New York

50 100 200 500 1000 2000 5 '

EXPOSURE RATE, R/hr



The Proceedings of a Symposium on

DOSE RATE IN

MAMMALIAN
RADIATION
BIOLOGY

April 29 - May 1, 1968

UT-AEC

Agricultural Research Laboratory

Oak Ridge, Tennessee

United States Atomic Energy Commission

A Relation of Irradiation Dose-Rate Effects

in Mammals and In Mammalian Cells

J. L. Bateman
Medical Research Center

Brookhaven National Laboratory

1200
>

=j 1000
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| 8002 (O
.O O
o 2 600
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RADS PER MINUTE IÔÔÔO

Fig. 1. Experiments in which the LD50 was found to be a linear funetion

of the reciprocal cube root of dose rate.
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ON
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Radiation genetics surprise

IT has long been one of the basic

axioms of radiation genetics that the

genetic mutation rate due to radiation

is independent of the radiation intensity,

or dose-rate, and dépends only on the

total integrated dose.

Recent experiments reported by
Russell et al. (Science

,

128, 1546) hâve
shown that most of the différence in

the observed mutation rates is indeed
due to variation in the radiation inten-

sity.

If the dose rate is significant for
humans, then the genetic effect of the
natural background of radiation will be
much less important than that due to

medical X-rays.
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Radium in Humans
A Review of U.S. Studies

by

R.E. Rowland
Environmental Research Division

A
Argonne National Laboratory

9700 South Cass Avenue

Argonne, Illinois 60439

September 1994

Work supported by the United States Department of Energy,

Office of Energy Research, Office of Health and Environmental Research,

and Assistant Secretary for Environment, Safety, and Health,

Office of Epidemiology and Health Surveillance
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RADIATION FALL-OUT" CONTROVERSY

UNITED STATES DEPARTMENT OF JUSTICE

FEDERAL BUREAU OF INVESTIGATION

WASHINGTON SS. D. C.

Honorable Robert Cutler
Spécial Assistant to the President
Executive Office Building

Washington, D. C.

Dear General Cutler:

June 19, 1957

PERSONAL AND CONFIDENTTAL
VIA LIAISON ' \

I thought you would be interested in the results of an analysis of

the controversy being waged at the présent time conceming the hazards of

radiation effects from nuclear bomb tests, and I am enclosing a copy of this

analysis for your information. Your attention is invited to the brief Introduction

which appears at the beginning of the enclosure.

This analysis reveals some of the efforts being made by communists
on an international level and also by the Communist Party, USA, to eïqploit

the présent "fall-out” controversy. An outstanding feature of this controversy

concems the numerous scientists with subversive affiliations who hâve become
associated with it. Dr. Linus Pauling, Harlow Shapley, and Edward U. Condon,
familiar names in thé field of science frequently associated with communist
front activities in thé past, are among those creating fear, misimderstanding,

and confusion iir.the minds of the public on this issue. ^
~ T* Sincerely yours,

Enclosure
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L INTRODUCTION

Communiste throughout the world are emploiting the présent

public controversy concerning the hazards of radiation "fallout" from
nuclear boxnb tests. Since 1946, basic Soviet strategy has been directed

at impeding and deterring the development o£ nuclear weapons in this

country. The présent efforts of communists to exploit the "fall-out"

issue are in accordance with this basic strategy.

Much of the communist agitation on the "fall-out" issue stems
from a communist front organisation. In 1956, the World Fédération of

Scientific Workers (WFSW), an "international communist front, ” prepared

and published a 40-page booklet entitled ünmeasured Hazards, which
speciücally discussed the harmful effects of radiation "fallout. " The
booklet was published in English, French, Russian, Chinese, German,
and Japanese. R was distributed in the United States by the American
Association of Scientific Workers (AASW), which maintains fratemal

ties with the WFSW. R should also be noted that Dr. Linus Pauling,
a focal point in the présent "fall-out" controversy, has been one of the

vice presidents of the AASW for several years.

The Communist Party, USA, is also actively exploiting the issue.

On May 19, 1957, for instance, The Worker, weekend édition of the east

coast communist newspaper, the Daily Worker, featured a spécial four-page

supplément which emphasized the danger of excess radioactivity. Over
40, 000 copies of this supplément bave already been ordered by Party districts

for distribution throughout the country. In addition, on May 27, 1957,

Eugene Dennis, secretary of the Party*s national affairs department, instructed

ail Party members to attempt to organize a nationwide campaign in protest

over the continued testing of nuclear weapons. Ail Party districts were
instructed to advise the Party*s national headquarters of any action by
municipal, county, or state bodies calling for a ban on nuclear weapons;

any protests by local noncommunist organizations over the continued tests;

any surveys to détermine the presence of excess radioactive material in

water supplies or dairy products; and any unfavorable éditorial comment on
Etalements by prominent individuals against the further testing of nuclear

weapons. Dennis explained this information was necessary so the Daily Worker
could afford this issue "major attention and eznphasis. Tf

On an individnal basis, a number of persons with subversive

affiliations hâve been featured prominently in this "fall-out" controversy in both

the communist and noncommunist press.
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"A Tragedy of Misunderstanding: there was no major radiation

disaster at Fukushima"

An invited talk at the Annual Meeting of the American Nuclear Society,

Chicago, 25 June 2012

by Wade Allison, Emeritus Professor of Physics at the University of Oxford, UK
Summary
Low or moderate radiation doses are benign but the public health efifects of fear and panic, caused

by ignorance and over-cautious international "safety" standards, are dangerous, both to individuals

and to the society and economy at large. A disaster of fear, not radiation, occurred at Fukushima as a

resuit of the damage to the nuclear plant.

When the earthquake struck there were 500,000 people in the région subsequently inundated by the

tsimami and within 26 to 45 minutes, ail except 18,880 had managed to escape, a truly remarkable

achievement. The training and understanding of the Japanese people that was évident for the

tsimami was absent for the release of radiation and radioactivity. Faced by an unknown threat,

nobody knew what action to take, and few in authority knew either, so that rumour and panic,

extending to the highest levels, lead to serious social harm, widespread voluntary évacuation, failed

businesses and losses of confidence in society and nuclear power. This failure of society to cope

with an accident, for which no loss of life should be expected, is strange. Fear of powerfiil energy is

a protective animal reaction, but man has survived dangers through study, understanding and mutual

organisation — although not in the case of radiation and radioactivity. Why not?

Cell death from an acute dose . Figure 4 refers to the 237 initial firefighters at Chemobyl

who received high doses in a short period. Within a few weeks 28 were dead from ARS.
Further deaths since then were probably not related to radiation. The crosses on the figure

follow a typical stabilisation curve with a threshold of 2000 to 4000 mSv. The curve shows

similar data for laboratory rats.
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THIS DOCUMENT IS THE PROPERTY OF HIS BRITANNIC MAJESTY'S GOVERNMENT

The circulation of this paper has been strictly limited.

It is issued for the personal use of

TOP SECRET

UK National Archives AVIA 65/2055

Copy No*..

X-R. (50) 7

29TH HOVBMBER, 1950 -

MIHISTRY OF SEFENCE

IMPORTS RESEARCH COMMITTEE

BXAMINATION_ OF PROBLBM IN PT3RIQD OF TENSION

Rote by the Chairrnan.

The Chiefs of Staff recently considcrod+ a roport by tho importa
Research Committcc of the Ministry of Défonce on the stops that
rnight bo taken to roducc the throat of the clandestine uao of atomic
woapons against this country.

This report concludod that:

(1) the follov/ing arc the most likoly forms in which a

clandestine attack could tolcc place, in order of

likolihood:

(a) concealing a complote atomic bomb in the hold
of a morchant ship coming from a Soviet or
satellite country;

(b) disguising an atomic bomb by breaking it
dovni. into a numbor of parts and making
them up as morchandisc; this could bo
donc on any morchant ship but more easily
and safoly on one coming from a Soviet or
satellite- country;

(c) the détonation of an atomic bomb in a
"suicide” aircraft flying lovv ovor a key
point.

(2) thero are no practicable and officacious stops that

cnn bc taken in pcaco tiruc to prépare against any

of thèse threats.

+ C. 0.3. (50) lôlst: 4
/ - 1 -

TOP SECRET
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UK National Archives AVIA 65/2055
11. We understand that an interdepartmental coninittee is

considering a ports Smergency Anchorage Scheme primarily for

usé in war-time in case major ports were rendered unusable

by enemy action but that the dislocation it would cause to

merchant shipping would be so great as to make it quite

impracticable to adopt any such method of discharge in peace

tim^, even if it were only applied to ships from a limited

number of countries.

Détonation in a Civil Aircraft (Method (c))

12» Method ( c) mentioned in paragraph 3 above - the use of

a civil aircraft carrying an atomic bomb to be exploded at a

low altitude - we do not consider so likely as the use of a

merchant ship; nevertheless it is possible and there does not

seem to bo any answer to it. The crew of the aircraft in

order to detonate the bomb at the right time would hâve to

fenow what their cargo was and v/ould therefore be a suicide

squad. Short of fi ring on every strange civil aircraft that

appoars over our shores we know of no way of preventing an

aircraft that sets out on such a mission from succeoding.

A Possible Déterrent

13. It follows from the above that there is a real risk of

attack in the way described in our terms of référencé; and

that tho only effective way of dealing with the most likely
method of attack - namely a procedure for trans-shipping ail

cargoes from Soviet or satellite countries before they reach

our shores - would be quite impracticable in peace time.

14. We consider however that there is a real possibllity
of detorring potential enomies from making an attack of this

kind merely by a sufficient show of confidence that we hâve
méthode of dealing wi-th it, Any claim to hâve found a

scientific method of detecting an atomic bomb would be easily

seen through and would be valueless as a deterrent. But a

confident assurance that we know ail about the problem and

can deal with it might, we believe, mystify our enemy and help

to dissuade him from talcing so fateful a step. It may also

be possible for the London Controlling Section to organise
deceptive activities which, without indicating precisely how

we should set about it, would support such an assertion; and

we suggest that the Section should be invited to examine the

problem in the light of this report.

15. The recent parliamentary questions ( answered on Wednesday,
18 th October) on this subjeefc to the Minis ter of Defence
offered an opportunity for giving the required assurance.

The Minister of Defence said in his reply

M Hi8 Mcjesty's Government are fùlly aware of this danger.
It will be appreciated, however, that our assessment

of the risks and the exact nature of our plans for
meeting them would be of the greatest interest to

a potential enemy and cannot be disclosed. We are

aware of the recent action taken by the U.S. authoritics
and are in touch with them on the general question of
defence against atomic attack' 1

.

'PGP SBCRLT



TOP SECRET UK National Archives PREM 11/560,
12 July 1951

PRIME MTHISTEB

Clandestine üae of Atonie Weapons

The Chiefa of Staff hâve been oeusidering the poesibility that

the eneuçr might open the next war with an atomic attack on on the

model of the Japanese attack en Pearl Karbour - without ’varning and befare

any fannal déclaration of hastilities. The most effective msthod of making

such an attack mjuld be to drop an atomic bomb frasa a ndlitary aircraft.

If the ccntrol and reporting syatesa were fully roanned and alert in a pcz'iod

of tension, there would be sotne chance that hostile aircraft approaching

this country could be intercepted and driven off. At any rate, there are no

spécial measures, outside the normal measures of air defence, nhioh we

could take in peace-time to guard against this type of attack,

2. It is, however, possible that the enemy might use other mcans

of surprise attack with atomic weapena, A clandestine attaok oould be

made in either of the following ways:-

(i) A complété atonie bomb could be ccncealed in the hold of a

nerchant ship Corning froa the Soviet Union or a satellite country

to a port in the United Kingdcmj

(ü) An atomic bomb might be broken cLom into a number of parts «nd

introduced into this country in about fifty 1 packages of

moderate wei^it, None of the se packages oould be detected by

instruments as certaining anything dangeroua or explosive, and

even Visual inspection of the contents of the packages would

not make identification certain, ihese packages could be

introduced either as ardinary merchandise from Soviet ships,

or poesibly as diplomatie fre ight, The bonib could subseouently

be asaembled in any premise3 with the sort of equipamnt usual

in a small garage, provided that a small team cf akilled fittera

vras available to do the jotw



OPERATION HURRICANE—THE DOSE-RATE CONTOURS OF THE
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OWENS 9.7 kt 500 ft balloon air burst
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2000 2000

DOPPLER 1 1 kt 1500 ft balloon air burst
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1*2 kt JANGLE - Sugar Surface burst 19 Nov 1951

CLOUD TCP HETGHT: 15,000 ft MSI

CRATER DATA: Diameter: 90 ft maximum dose rate: 7500 r/hr at H+l
Depth: 21 ft at crater lip hour

Maximum dose Maximum contour
rate distance from GZ (ft)

Distance
Value from 500 300 100
(r/hr) GZ (ft) r/hr r/hr r/hr

540 900 2200 4900 12,500

Contour area
(«Q mi)^ ~ Laurino, R. K., and I. G. Poppoff, 1953: Contamination

r/hr r/hr r/hr patterns at Operation JANGLE. U. S. Nav. Rad. Def.

0.05 0.15 0.55 Lab. Rep. USNRDL-399, 28 pp.



1.2 kt SUGAR test (Nevada surface burst)

Time after burst (seconds)
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1.2 kt UNCLE test (5.2 m underground, Nevada)
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HEARING ON CIVIL PREPAREDNESS AND LIMITED
NUCLEAR WAR

WEDNESDAY APB3X 28, 1976

U.S. Senate and
U.S. HoUSE OF REPRESENTATIVES,

Joint Committee on Defense Production,
Washington, D.C.

The committee met at 10 :05 a.m. in room 5302, Dirksen Senate Office

Building, Hon. William Proxmire, vice chairman of the subcommittee,
presiding.

Présent: Senators William Proxmire and John Sparkman.
Senator Proxmire. The committee will corne to order.

Today’s hearing inaugurâtes a review by the Joint Committee on
our Nation’s civil preparedness. It is the first such congressional review
in over two décades.
By civil preparedness, we mean those mainly civilian measures by

which we seek to protect the lives and property of our citizens.

This is the first function of any govemment. A govemment which
cannot meet this fundamental test of defending its people and the
national treasure is not likely to survive for very long.

In subséquent hearings, the committee will examine the adequacy
of Fédéral, State, and local preparedness programs, including plans
for fallout shelters, strategie évacuation, preparedness exercises and
drills, civil defense stockpiles, and continuity of govemment. Like-
wise, the Joint Committee will inquire into the organization of the
Govemment for preparedness. It will also review the Nation’s indus-
trial and économie preparedness in terme of the defense industrial base.

This is an especially timely undertaking. Over the past 2 years the
United States has been moving from a declared nuclear policy of
mutual assured destruction to one of flexible response, or limited
nuclear war.
In the minds of some eminent strategiets, this implies a lowering

of the nuclear weapons threshold, a quickening of the trigger finger

on the missile launch console, and an increased probability of un-
controlled nuclear conflict.

But to other equally qualified experts, this shift in strategie doc-
trine, this shift to larger numbers of more flexible, or more versatile

and accurate weapons and control Systems does not undermine deter-

rence of nuclear war; instead, it enhances deterrence.

Well, it can’t be both ways and whenever you hâve such a complété
divergence in expert opinion, it is time for a careful review of the facts.

(l)
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These hearings are also timely in that there are increaâng rumors
of a civil defense gap, with the Soviet Union well in the lead.

In this year’s annual report, Defense Secretary Rumsfeld stated

that, and I quote:

An asymmetry has developed over the years that bears directly on our stra-

tegie relationship with the Soviets and on the credibility of onr deterrent posture.

For a number of years, the Soviets hâve devoted considérable resources to their
civil defense effort which emphaslzes the extensive évacuation of urban popu-
lations prior to the outbreak of hostilities, the construction of shelters in out-
lying areas, and compulsory training in civil defense for well over half the
Soviet population. The importance the Soviets attach to this program at présent
is indicated not only by the resources they hâve been willing to incur in its

support, but also by the appointaient of a deputy minister of defense to head
this effort.

Now, the term “asymmetry” used by the Secretary sounds to a non-
expert like me like a four-bit word for “gap.” We hâve heard a great
deal over the years about gaps that never materialized or proved
unimportant. Ÿet we hâve spent a lot of money to eliminate the non-
existent or the insignifiant. It is for this reason that the committee
last week published the declassified text of the 1957 Gaither Report
which invented the first missile gap.

3

STATEMENT OE HON. PAUL NITZE, FORMEE SECRETARY OF THE
NAVY, DEPUTY SECRETARY OF DEFENSE, AND MEMBER OF THE
SAIT DELEGATION

Mr. Nitze. Mr. Chairman, my interest in the questions which this

committee is discussing began in 1944 when I was asked to be a direc-

tor of the U.S. Strategie Bombing Survey. The required qualification

of the directors was that they hâve no prior knowledge of military
strategy or of air power, and could thus be presumed to be unbiased
in appraising the effects of the immense U.S. strategie air effort in
World War IL I spent the next 2 years in Europe and then in the
Pacific in intensive work, in association with what I believe to hâve
been the best talent available to this country, to try to understand
something about both subjects. In the Pacific portion of the survey,

as Vice Chairman, I was in effective command of the operation, includ-
ing the detailed study of the effects of the weapons used at Hiroshima
and Nagasaki.

Since that time much has changed. Weapons hâve increased in yield

and missiles now hâve an intercontinental range. But these changes

are hardly as revolutionarv as the changes brought about bv the rôle

of effective air power in World War II and of the introduction of
nuclear weapons in its closing phase. After ail, the largest number
of our nuclear reentry vehicles today are Poséidon warheads, each of
which has an équivalent megatonnage less than twice that of the
weapons used at Hiroshima and Nagasaki.
At Hiroshima and Nagasaki there was no air-raid warning and

very few people availed themselves of the crude civil defense racili-

ties which were available. Most of those that did, even at ground zéro,

in other words, directly under the explosion, which was at the optimum
height of burst, survived. The trains were operating through Hiro-
shima 2 days after the explosion.
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Let me paraphrase from an interchange I had in 1960 with Colonel
Lincoln, head of the faculty at West Point, on this subject :

The Russians are careful students of Clausewitz. I do not believe

they would ever ignore either the danger that a war once started

might escalate to the full violence which the pure theorv of war might
indicate; on the otlier hand, they would never forget that war is a
tool of policy and that every effort must be made to avoid letting it so

escalate.1

1 In this connection the following qnotation from Communist of the Armed Forces in
November 1975 is pertinent : “The premise of Marxlsm-Leninism on war as a continuation
of policy by military means remains true in an atmosphère of fundamental changes in
military matters. The attempt of certain bourgeois ideologists to prove that nuclear missile
weapons leave war outside the framework of policy and that nuclear war raoves beyond
the control of policy, ceases to be an instrument of policy and does not constitute its con-
tinuation is theoretlcally incorrect and politically reactionary.”

On the other hand, I can well imagine that they might consider a
controlled nuclear conflict in which significant military targets, but

not urban-industrial targets, are the initial objects of attack, if they
thought war unavoidable.
In conclusion, I would like to comment on this committee’s print

containing the Gaither Report of 1957.

I hâve now read that report for the first time in nearly 20 years. I
am impressed—especially m light of the information then available

to the Gaither committee—by the care and comprehensiveness of that
committee’s examination of the problems assigned to it for study. I
note in contrast the cavalier imprécision reflected in the foreword pre-

pared by this committee’s staff.

It is not true that the Gaither Report ignored arms control, nor is it

true that the report spoke of U.S. strategie inferiority as then a fact.

To the contrary, the Gaither Report described the United States as
then “capable of making a décisive attack on the U.S.S.R.” In view
of SAC’s vulnerability “to a surprise attack in a period of lessened

world tension,” the Gaither Report also noted the U.S.S.R.’s capability

to make “a very destructive attack on this country.”
The report then observed, “As soon as SAC acquires an effective

‘alert’ status, the United States will be able to carry out a décisive

attack even if surprised,” and it anticipated that juncture “as the best

time to negotiate from strength, since the U.S. military position vis-a-

vis Russia might never be so strong again.”
In attempting to disparage the Gaither committee’s analysis, the

staff foreword cites a subséquent estimate “* * * that at the time of the
Gaither Report the Soviet Union probably had fewer than a dozen op-
erational ICRMs.” In fact. at the time of the Gaither Report—onlv a
few weeks after the sputnik launching—the Soviet Union obviously
had no operational TOBMs. The Gaither Report made no assumption
to the contrary. Indeed, it postulated 1959 as the probable year the
Soviet Union would first hâve operational ICBMs ; in fact, they first

became operational in 1960. What was crucial at the time was not only
the question of how many ICBMs would be operational when, but
even more importantly the question of the speed with which the U.S.
Air Force could achieve adéquate early waming facilities and an
appropriate alert posture.

The Gaither Report focused attention on those questions.
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SUMMABY STATEMENT BY THE HoNOBABLE PAUL H. NlTZE

Mr. Chairman : My interest in the questions which this Committee is diseussing

began in 1944 when I was asked to be a director of the U.S. Strategie Bombing
Survey. The required qualification of the directors was that they hâve no prior
knowledge of military strategy or of air power, and could thus be presumed to

be unbiased in appraising the effects of the immense U.S. strategie air effort in
World War II. I spent the next two years in Europe and then in the Pacific

in intensive work, in association with what I believe to hâve been the best talent

available to this country, to try to understand something about both subjects.

In the Pacific portion of the Survey, as Vice Chairman I was in effective com-
mand of the operation, including the detailed study of the effects of the weapons
used at Hiroshima and Nagasaki.

Since that time much has changed. Weapons hâve increased in yield and mis-
siles now hâve an intercontinental range. But these changes are hardly as
revolutionary as the changes brought about by the rôle of effective air power in
World War II and of the introduction of nuclear weapons in its closing phase.
After ail, the largest number of our nuclear reentry vehicles today are Poséidon
warheads, each of which has an équivalent megatonnage less than twice that
of the weapons used at Hiroshima and Nagasaki.
At Hiroshima and Nagasaki there was no air-raid warning and very few people

availed themselves of the crude civil defense fadlities which were available. Most
of those that did, even at ground zéro, in other words, directly under the explosion,
which was at the optimum height of burst, survived. The trains were operating
through Hiroshima two days after the explosion.

S
Let me paraphrase from an interchange I had in 1960 with Colonel Lincoln, head

of the faculty at West Point, on this subject :

The Russians are careful students of Clausewitz. I do not believe they would
ever ignore either the danger that a war once started might escalate to the full
violence which the pure theory of war might indicate ; on the other hand, they
would never forget that war is a tool of policy and that every effort must be made
to avoid letting it so escalate.

I believe they will always pay close attention to the interrelationship of the
offense and the defense and not ignore either side of the équation. I cannot believe
they would so Ignore the military core of war as to consider the type of controlled
nuclear conflict discussed in some of the papers circulated by the Committee’s
staff where military targets are avoided and industrial targets are hit. On the
other hand, I can well imagine that they might consider a controlled nudear
eonflict in which significant military targets, but not urban-industrial targets,
are the initial objects of attack, if they thought war unavoidable.

In conclusion, I would like to comment on this Committee’s print eontaining
the Gaither Report of 1957.

I hâve now read that Report for the flrst time in nearly twenty years. I am
impressed—especially in light of the information then available to the Gaither
•Committee—by the care and comprehensiveness of that Committee’s examination
of the problems assigned to it for study. ï note in contrast the cavalier imprécision
reflected in the foreword prepared by this Committee’s staff.

It is not true that the Gaither Report ignored arms control, nor is it true that
the report spoke of U.S. strategie inferiority as then a fact. To the contrary, the
Gaither Report described the U.S. as then “capable of maklng a décisive attack
on the USSR.” In view of SAC’s vulnerability “to a surprise attack in a period
of lessened world tension,” the Gaither Report also noted the USSR’s capability
to make “a very destructive attack on this country.” The Report then observed,
“As soon as SAC acquires an effective ‘alert’ status, the United States will be
able to carry out a décisive attack even if surprised,” and it anticipated that junc-
ture as “the best time to negotiate from strength, since the U.S. military posi-
tion vîs-a-vis Russia might never be so strong again.”

In attempting to disparage the Gaither Committee’s analysis, the staff fore-
word cites a subséquent estimate “* * * that at the time of the Gaither Report
the Soviet Union probably had fewer than a dozen operational ICBMs.” In fact,
at the time of the Gaither Report—only a few weeks after the Sputnik launch-
ing—the Soviet Union obviously had no operational ICBMs. The Gaither Report
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made no assumption to the contrary. Indeed, it postulated 1959 as the probable
year the Soviet Union would flrst hâve operational ICBMs ; in tact, they flrst

became operational in 1960. What was crucial at the time was not only the
question of how many ICBMs would be operational when, but even more im-
portantly the question of the speed with which the Air Force could fichievé
adéquate early warning facilities and an appropriate alert posture.
The Gaither Report fOcused attention on those questions. Thereby the Report

became a factor in stimulating an enormous effort on the part of the U. S.
to move ahead with pertinent strategie programs. In those years the rate o£
expenditure on strategie programs was, allowing for inflation, about two and
a half times the présent rate. For ail the great expense, the program was a bar-
gain when considered against the calamitous potential conséquences of permicting
the strategie relationship to become unstable to the détriment of U.S. «ecurity
and with increased risk to the maintenance of peace.
The Report placed flrst priority on the miîitary measures necessary to maintain

strategie stability and high quality deterrence. It placed a lower priority on
those measures necessary to ensure survivability of the population in event
deterrence were to fail. The two classes of measures are, however, interrelated.

STATEMENT OF HERMAN KAHN, DIRECTOR, HUDSON INSTITUTE

Senator Proxmere. Mr. Kahn.
Mr. Kahn. It is customary to start one’s testimony with a statement

of qualifications. Let me instead start with a disqualification.

I haven’t really been spending very much time in thè miîitary fîeld

since 1965, but I started to go back last year, and î am now in the
middle of reacquainting myself with the issues.

I might say though that comparing today’s discussion to the sixties,

there has been very little substantial improvement. In fact there hâve
been some rétrogressions. This both disturbs and surprises me.

Let me start oy agreeing with Paul on two issues. The chairman

i

'ust stated we can ?

t hâve both increased and decreased deterrence. I
elieve that there are many measures which can go in both directions.

There are many measures which increase deterrence in ope scénario
or context, and decrease deterrence in another scénario or context. In
particular, if one focuses on this abstract war, what Paul referred to
as a pure miîitary war, or a surprise attack out of the blue directed
against civilians, then it is terribly easy to do many things which will

decrease that deterrence.

But since I tend to feel we hâve, relatively speaking, too much deter-

rence of this situation I do not object to decreasing the deterrence of
surprise attack out of the blue in favor of increasing deterrence in other
situations. In fact there has been much too much attention to this

simple situation. I know back in 1960, a number of poils were taken
by Tom Schelling, by Weapon Systems Evaluation Group (WSEG)
and others. In these poils analysts were asked “If a war occurred,
what scénario do you think would hâve preceded the war?”
Almost universally, they agreed there would hâve been a very tense

situation, say bombs bursting in Europe, and then either an attack
by the Soviets because they got into serious trouble, an accidentai
war, or an attack by the U.S. Âll the analysts agreed that a surprise
attack out of the blue, directed at cities, was far and away the least

probable way that a war was likely to start.

And yet they ail also agreed that 90 percent of their personal studies

and effort went to that case and the other 10 percent or so went into

a study of a surprise attack out of the blue which hit miîitary bases.

In other words, the analysts agreed, that even though they were able
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to choose their own subjects of study, they wer© spending almost ali

of their time on scénarios which, in tneir judgment, were not probable
or important. They simply were the easiest things to study and talk
about.

[Additional remarks :]

Many analyste are still dolng this, but do not seem to know that tbla emphasls
distorts tbe realtetic prlorltles.

Now, when we looked at civil defense in 1960—or today—it was
really almost impossible to protect the population against a surprise
attack directed against them. We found that it was also impossible to
protect an économie base for massive war production against a surprise
attack directed against the économie base.

Therefore, we did not ask ourselves, as a high priority, what does
civil defense do for these objectives in these scénarios.
However we did not stop there. We went on to ask ourselves if there

were any other rôles for civil defense.

It seemed to us that there were a large number of rôles. Ail of them
tended to be second or third priority but still terribly important. When
people said, “But that doesn’t do any good in the first priority situa-

tion,” we answered, “We don’t care.”

The first, perhaps the most important rôle, is to protect people when
they are not targets. I am prepared to believe that doing this decreases
deterrence, but I am willing to do it anyway.

I know when I examine the problem of attacking the Soviet Union
that I want to preserve Moscow and Leningrad, my two biggest assets,

and anything they do to make Moscow and Leningrad safe from becom-
ing bonus targets improves my ability to plan war against the Soviets.

Moscow and Leningrad are important to the Soviets and they are
probably willing to do that. Deterrence is not the sole objective of
policy.

*

In a book called On Thermonuclear War which I published in 1960,

we mentioned what we called the Doomsday Machine was the highest
possible deterrent, yet nobody wanted it. I might also mention that I
made clear, in that book. thatwe didn’t think there was any missile gap.
In fact, just to go back over a little history of that, most people’s

recollection of the debate of that period tends to be wrong.
It is not true that the Democrats raised the issue of a missile gap

against the Republican administration. That was a Republican state-

ment. The Republicans predicted the Russians would hâve 300 missiles

by 1960. But at the same time, the Republican administration said this

wouldn’t make any différence, because we had 2,000 bombers and they
were more important than 300 missiles.

The great contribution of the Gaither Report, as Paul just said, was
to make clear that if the Soviets had 300 missiles and we did not hâve
any kind of warning System, then we might not hâve 2,000 bombers,
because they could be destroyed by a surprise attack while still on the
ground.

I also made clear, that while the Soviets probably would not hâve
300 operational missiles in 1960, if they did hâve them, we would be in

trouble—that is, despite the prédictions by the Republican administra-

tion we did not think they had such a force—but we were not sure.

What does one do when the other side may be able to do something in

the near future and if one waits until he is certain before reacting,

it is too late, while if one reacts early it may turn out to hâve been
unnecessary?
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Let me also make a remark about a release I saw from this committee
which listed a sériés of predicted gaps which did not occur. In at least

half the cases, people were rather clear that the gap might not oocur,
but they were not sure.

[Additional remarks :]

But they felt they had to worry about it ahead of time and even make some
préparations because they could not afford to wait untll ail the facts were in.

Let me ask a question : What do you do if the other side exhibits a
weapon System and has the production capability? You are not quite
sure what he is going to do. Do you wait until he does it or do you worry
about it ?

In general this is a very complicated issue. In some cases, we almost
hâve to make préparations ahead of time, even though they may be
wasted. In other cases, we should wait until we are more sure

;
in still

other cases, one just hopes for luck. But 011e should not, in my judg-
ment, downgrade responsible officiais who get concerned under such
circumstances.

I might also draw attention to some studies done by Albert Wohl-
stetter. It is pointed out in these studies that in most cases, we hâve
underestimated rather than overestimated IJ.S.S.R. future capability.

I will ask that this report be sent to the committee.
If you look at the record, there has been more a problem of under-

estimation than overestimation. This is tme in terms of the number of
missiles the Soviets hâve had over time and in terms of Soviet capa-
bility on ail kinds of other issues. We tend to remember the discussion
when some liysterical people overstate the problem

;
then it turns out to

be wrong. I would argue this is not at ail the cliaracteristic problem.
Let me tum to the major point I wanted to make today. I would

argue that the scénario I worry about as the most probable scénario,

is also the scénario which is least discussed. This is the case where there

is opportunity for significant or even all-out mobilization before major
thermonuclear attacks against the cities oocur.

There are two recent and useful historical examples which illustrate

this concept, the Korean War and World War II.

In June 1950, Congress was debating whether the budget should be
$15, $16 or $17 billion. The previous year it had been $13 billion.

A number of distinguished witnesses testified that $18 billion would
strain the economy, but $16 billion was ail right. North Korea marched
on South Korea, and within 1 year, Congress authorized $60 billion,

an increase by a factor of 4.

This was totally unexpected and totally changed the strategie prob-
lem. One should note that it would not hâve been possible to fit into

even an $18 billion budget hardly any of the weapons Systems we hâve
procured since World War II. One could not hâve bought a Sage
System, a B-47 System, a B-52 System, a Nike Hercules System, a Polaris

System, and so on. None of these Systems would hâve been feasible at the

$5 or $6 billion budgets per service which were, roughly, current at

that time.

As a resuit of this authorization, the Air Force budget was in-

creased by about a factor of 5. The other two services had an increase

of about 3. As a resuit, a whole new range of possibilities opened up
for the services.
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I can easily envisagé a scénario for crisis in the future which in-

volves military budgets of $500 billion or more. That would change,

if you will
?
the whole character of strategie planning. I do not expect

any such situations to arise with high probability, but I do not con-

siaer it paranoia or unwise to préparé for such situations.

Probably an even better prototype for the situation we are thinking
about is pre-World War II. After World War I, much of the world
became sick of war, and war became “unthinkable” to most people,

particularly in the victorious “Allied Powers.” Strategists and pub-
licists talked about poison gas and knock-out blows

;
they thought ail

the capital cities would be destroyed by poison gas in the first few days
of a war. They did not understand the idea of limitations in warfare

—

of mutual deterrence even after hostilities hâve broken out.

When Hitler got elected in 1933, people became interested in larger

defense budgets. Then he marched into the Rhineland and, of course,

defense budgets increased slightly. Then there was the Anschlus and
then Munich, and more substantial increases in military budgets.

With the invasion of Czechoslovakia, everybody got deeply con-

cerned. Then, finally, there was the invasion of Poland, the formai
déclaration of war and then 7 months of more or less “phony
war.” As a resuit there was opportunity on both sides for 7
months’ of full-time war production, before the war really opened up.

We would argue that similar possibilities should be considered
today. Nobody is interested in jumping into a nuclear war today.

Nobody is going to want to execute the usual picture of nuclear war,
in which each side presses every button and goes home. It is extraor-

dinarily difficult to believe such a scénario.

It might happen. But I would be willing to bet, if this were a bet-

ting matter, 50 to 1 against it.

On the other hand, the situation might arise in which there was a
déclaration of war, followed by a phony war, or a serious confronta-
tion in which there were crédible threats of war. By the way, in such
a confrontation, the following dialog tends to occur.

Both sides are saving to the other side, “There is absolutely nothing
at risk which justifies this terrible danger to which we are subjecting
each other and the rest of the world. It is clear that whatever we
are arguing about is simply not worth the risk of a thermonuclear
war. Therefore, one of us has to be reasonable—and it isn’t going to
be me.”
That is, by the way, a terribly persuasive argument.
At this point, each side is trying to explain why the other side

should be reasonable. You don’t liave to hâve a great defense to do
that. Ail you hâve to be able to do is sav, “I believe my defense estab-

lishment is better than vours, in important ways.”
I can imagine the Russians telling us. “You are telling ns the monev

we spent on our defense establishment does us no good, but we spent it

because we thought it does do good. We believe that this defense
establishment of ours works. You don’t, but we believe it does.”

If you can get that point across, you are going to put great pressure
on the other side to back down.

Senator Proxmire. Very strong chance of what? I missed that.

Mr. Kahn. If we believe that thev believe they bave confidence in
their establishment, we are going to back down, whether or not their
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confidence is justified, because we would be destroyed almost as much
as a resuit of their mistaken belief as by a correct one. If the other
man can give you a crédible picture, that he believes he has a sèrious

edge over you, then even if he does not objoctively hâve that edge, you
may be in trouble.

That is even more true for allies. If they think the other side be-

lieves it has an edge, the allies are going to hedge. Finally it is even
more true for neutrals that in a bargaining situation the strategie

balance is very complex (which should be an obvious point) and the
outsider is likely to be excessively influenced by appearances. Who
strikes first and how many are dead in each city are almost irrelevant

to many of these issues.

Finally, a last point. When we write scénarios for nuclear war, we
find it difficult to write a crédible scénario which doesn’t involve

months or weeks of warning. I would guess we are as good at writing
scénarios as anybody in the world. We hâve certainly written as many.

I want to warn the committee, on the other hand, that when we
looked at World War I, we didn’t find that scénario plausible. The
mere fact we can’t write a plausible scénario for a war doesn’t mean it

can’t occur, because one can find historical examples to the contrary.

Nevertheless, every scénario we write for nuclear war involves days,
weeks or months of tension. Evacuation, last moment mobilizations

are extraordinarily possible. By the way, évacuations occur not as a

resuit of secret intelligence or in any attempt to try to outrun the

missiles or the bombers. The New York Times and the Washington
Post provide the warning perhaps days before the attack. People or
govemments then get frightened and décidé to decrease their vulner-

ability to attack. The idea is, can you exploit such warning if it is

printed in the papers ?

[Complété statement follows :]

Summary Paper and Briefing Notes on the POtential of the Defense Mobil-
ization Base Concept by Herman Kahn, William Brown, and William
Schneider, Jr.

This submission is the responsibility of the authors and is not to be construed
as representing any official opinions of the Hudson Institute or any other asso-

ciated individuals or agencies.
PREFATORY NOTE

The following paper represents a summary of studies developed by the staff and
consultants of the Hudson Institute more or less continuously over the last fifteen

years although naturally it focuses more intensively upon recent work—in par-
ticular, a summary of a report on the concept of mobilization warfare by Her-
man Kahn and William Schneider, Jr. Most of Hudson’s program of civil defense
and mobilization base studies has been accomplished under the direction of Wil-
liam Brown, Herman Kahn and William Schneider, Jr. and at least half the In-
stitute’s personnel hâve participated in one or more of them. This particular sub-
mission was prepared as a joint paper by the three people named above.

mobilization warfare

1. The concept of mohilization warfare
The notion of mobilization in a nuclear âge has the appearance of a contradic-

tion in terms when arrayed against the conventional concept of mobilization.
Mobilization has in general, been associated with the redirection of national re-

sources, both human and material away from traditional civilian pursuits to sup-
port a defense effort. To some extent. it has been possible to conceive of a limited
mobilization of military forces and associated national resources to support

74-307—76 2
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limited polltical objectives although the more traditlonal perception bas been
associated with a general mobilisation of the entire industrial might and armed
forces of a nation.

The possibility of intercontinental strategie nnclear attack made possible

through the development of ICBifs, missile flring submarines, and long-range

bombera hâve made the initiation and conclusion of a nuclear conflict appear to

be a matter of houre or days, and certainly not more than a few weeks in dura-
tion, making the traditlonal notipn of mobilisation appear to be as archaic and
obsolète as the forces and weapons that had been in the past, mobilized.

This study is intended to advance the concept that mobilization is an important
component of strategie nuclear conflict, and, we will argue, is likely to be the pro-

totype of any U.S.-Soviet nuclear conflict should such a conflict occur. The con-

cept can be most simply characterized from the perspective of the following

simple generalized scénario : During a period of intense political crisis between
the Ü.S. and the Soviet Union, both sides fear that a nuclear war may actually

occur. However, neither side is willing to risk the conséquences of a nuclear war
with the existing levels of forces and defenses (military and civilian). As a consé-
quence. each' of the parties attempts to develop on a frantic basis, a very large-

scale effective nuclear offense and defense capability which is associated with
genuine feare about the possibility of a general war. The period of mobilization
during and after an intense political crisis characterizes what we describe as
"mobilization warfare.” It is warfare in the sense of an intense and bitter compé-
tition of an accelerated arms race, but without the certainty that direct military
action will occur. A plausible outcome of this scénario is that the side which
mobilizes most effectively within a relatively brief period of time (say six months
to two years) can achieve a dominant position capable of inhibiting the diplo-
matie efforts of the other.
The notion of “mobilization warfare” is not restricted only to strategie nuclear

warfare. It is also applicable, for example, to a U.S.-Soviet struggle in Europe in
which an intense political crisis raises the specter of an outbreak of conventional
warfare between the two nations without the expectation that such a conflict
would lead to a strategie or tactical nuclear exchange.
Perhaps the closest parallel to mobilization warfare during the nuclear era

arose as a conséquence of the Korean war. The ominous character of Soviet for-
eign policy following World War II culminated in the Soviet sponsored attack of
North Korean forces against the Republic of Korea. The direction in Soviet for-
eign policy after World War II was not offset by any rebuilding of U.S. military
power which had been rapidly dismantled after the end of World War II. How-
ever. when the Soviets authorized the attack on Korea, the change in U.S. atti-
tudes regarding preparedness for a U.S.-Soviet strategie nuclear contingency was
electric. One measure of the character of this concern, a measure characteristic
of a serious mobilization, was the decision of the Congress to increase annual
defense expenditures from $16 to the $60 billion authorized after the outbreak of
the Korean war. This vast increase in authorized expenditure made possible a set
of strategie programs that were simply not feasible within the prior U.S. defense
budget. The new authorization made possible the B-52, the B-47, the Polaris
Program, and Atlas Program and a host of related technological initiatives whose
conséquences are still influencing the shape of the U.S. strategie program today. It
also developed a reasonable (for the time) civil defense program designed to
move the more vulnérable portions of the home population rapidly to safer areas.
As a conséquence of this enormous build-up of strategie nuclear capability arising
out of the concern over a possible U.S.-Soviet nuclear conflict in the early 1950s,
the United States achieved for more than a decade a stark nuclear superiority
over the Soviets. This superiority was so vast that in retrospect it appeara cleàr
that the Soviets were almost totally deterred from attempts to exert military
power in support of their diplomatie objectives throughout the late 1960s and
early 1960s.

In the early 1950s the Soviets also attempted to develop a larger strategie pro-
gram, but were much less successful than the United States. This form of mobili-
zation warfare. we argue, is more likely to become a “standard” mode of nuclear
conflict with the Soviet Union than the commonly anticipated mode, namely a
large-scale exchange of nuclear weapons.
Perhaps the most significant différence between traditlonal mobilization con-

cepts and the concept of “mobilization warfare” that is the focus of this paper
is that in a modem mobilization, the adequacy of a period of mobilization may be
tested” only in the sense that it can affect the perceptions of an opponent without
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a shot being exchanged. Moreover, the period of mobilization in the modem era

migbt be considerably more compressed and complicated than any which we hâve
experienced in this century. In a very practical sense, the mobilization of Ger-

many and the allied powers before the first World War was a traditional process

which extended over a period of many years, although the most intense efforts

took place after the initiation of the conflict. Similarly, the German and Japanese
pre-war mobilization of their forces occurred over many years. In both cases, a
large-scale and protracted conflict foliowéd. Under modem conditions, a nuclear

conflict between major powers is likely to be short compared to previous con-

flicts or to any period of mobilization.

The concept of mobilization warfare in a nuclear era implies relatively short

réaction times with the ability to deploy major offensive as well as active and
passive défensive Systems which may be extremely costly and complex by any
prior standards. Under such circumstances, it is entirely plausible that the U.S.

strategie budget alone could constitute an expenditure of several hundreds of bil-

lions of dollars per year. Expenditures at such huge levels make possible a very
wide range of military and non-military defcrise Systems that could not be seri-

•ously considered with recent strategie budgets—less than $10 billion.

For example, potentially high grade missile defense Systems employing lasers,

particle beam technology and other advanced concepts for boost phase, mid-course,
and terminal interception could, in principle, be procured under conditions of
“mobilization warfare.” The crucial déterminants for acquiring such a capability

lies in the prior research and development program and in proper institutional

orientation toward a mobilization potential. The requirements of a “mobilization
base” to support the notion of mobilization warfare is sufficiently different from
the objectives of existing research and development needed to support current
:and near-term defense requirements that expenditures for a mobilization base
should be partitioned from other R&D expenditures. The primary function of a
mobilization base is to facilitate the shortening of lead times to procure highly
•effective strategie forces, active defenses, and civilian protection, should a deci-

sion to procure such a capability be made in a context that requlres such a build-

up be completed in an extraordinarily, short period of time (short, that is, by the
standards of recent expérience). Under some circumstances, it is suffident simply
to hâve “paper plans” say, for the conversion of designated industrial potential
from civilian to military uses. In other cases, where the requirements are more
critical, and less easily adaptable to short-term changes, some limited develop-
ment or prototyping may be necessary. In still other cases, particularly where the
function is highly complex and likely to involve large numbers of both civilian

and military personnel, such as an ABM or civil defense System, it may be neces-
-sary to conduct a limited deployment or fleld testing, and to develop the profes-

sional cadres who could support a vast expansion if and when circumstances
require such expansion. The decision as to what éléments of a potential U.S.
-strategie posture should be most extensively or rapidly developed would dépend
upon the contribution such efforts would make to reducing the lead times neces-
sary to deploy the capability during a period of intense mobilization. The United
States already possesses a substantial infrastructure for the rapid short-term
-expansion of U.S. strategie forces. With relatively modest expenditures, it should
be possible to dramatically improve the ability of the United States to mobilize
rapidly during an appropriate crisis to increase strategie nuclear forces, its

active and passive defenses, and its general purpose forces without the pro-
tracted lead times that we hâve tended to become accustomed to over the past
two décades.

.2. A baseline mobilization warfare scénario

The implausibility of a U. S.-Soviet strategie nuclear exchange in recent po-
litico-military circumstances has tended to obscure the fact that there are numer-
ous possibilités for a major clash of interests between the superpowers; and
•consequently, for escalation.

The scénario proposed here arises out of the Achilles’ heel of the Soviet Union,
the bebavior of their East European satellites, in this case, East Germany. In-
ternai dissension develops beyond the control of the local and Soviet political and
military leadership in East Germany to the point where large-scale border
-Crossing into West Germany by deserting éléments of East German armed forces
involve the NATO nations. Unlike the standard escalation scénario where such
•events lead ultimately to a U.S.-Soviet nuclear exchange, the potential escala-
• tion, itself, becomes a force for restreint.
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TTPICAL 6TBATEGIC MOBILIZATION SCENARIOS

Of the four scénarios given below, the first two are history, the third used to
be tbe great fear of NATO, and the fourth is probably the great fear of the War-
saw Pact.

1. The “phony war,” 1940 (5 months) :

(a) Pre-crisis arms compétition (ÙK, France, Germany and the U.S.S.R.)-
(b) A major sériés of political-military crisis

—

Militarization of the Bhineland (1936) ;

Anschluss (Austria) (1938) ;

Sudeten crisis (1938-39) ;

WarinPoland (1939).
(c) De-escalation and negotiation (antagonists began a rapid buildup fearing

a resumption of full scale conflict )

.

2. Korea (1950-53) :

(a) Pre-war politico-military crises

—

Soviet invasion of Iran (1946) ;

Soviet takeover of East European nations (1945-48) ;

Berlin blockade (1948) ;

Soviet intervention in Turkey and Greece ;

Soviet military buildup, post WW-II.
(b) Major turnabout in U.S. policy

—

Factor of four increase in defense expenditures in 18 months ;

Massive emphasis on strategie preparedness, especially active defense.
3. Successful Soviet attack on W. Berlin and subséquent de-escalation.
4. Uprising in East Germany gets out of control and escalates.
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CHARACTEBISTICS OF A SPECIAL MOBILIZATION SCENABIO : A FOBMAL DECLARATION OF
WAR BT THE U.S.

1. The déclaration would hâve solemn and especially great significance for our
enemies, allies, and neutrals.

2. The information transferred would hâve :

( a ) Unambiguous factual content of great importance ;

(b) Undeniable implications and symbolism ;

(c) Highly uncertain interprétations or implications.
3. Its existence would preempt “ordinary” crisis negotiation and deny the

stability of any recent fait accompli.
4. In some extreme crises it could be temporizing—a déclaration is not a spasm

response—and lead to deescalation of actual fighting.

5. But it implies a rapid response to any increased use of force.

6. It tends to force a decision by allies to cooperate actively.

7. It would justify many peripheral actions (blockades, interdiction, property
confiscation, intemment of hostile aliens, etc.).

8. It would tend to unify the national response—and increase defense spend-
ing enormously through mobilization.

9. It would convey the unambiguous message that a formai peace treaty will
be required to settle ail the important issues.

ROLE OF RESEARCH FOR MOBILIZING ACTIVE DEFENSES

1. Missile defense probably would be the most important and expensive effort.

2. Lead-time réduction becomes extremely important.
3. A program is required to facilitate rapid massive procurement of mutually

ireinforcing Systems

—

Boost phase interception ;

Mid course interception ;

Terminal interception.
4. A capability may soon be needed to support a war in space.

5. A capability is required for intégration into other—high priority strategie

anobilization programs

—

Air defense ;

Civil defense.
Major research objective: design Systems whlch are highly effective,

mutually supporting and which can be rapidly deployed at high levels of
expenditure.
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Paul Heney Nitze

In the spring of 1969, Paul Henry Nitze was appointed the représentative of
the Secretary of Defense to the United States Délégation to the Strategie Arms
Limitation Talks with the Soviet Union; a position he held until June 1974, at

which time he resigned.
Mr. Nitze resigned from his duties as Deputy Secretary of Defense on Jannary

20, 1969, a position he had held since July 1, 1967, succeeding Cyrus B. Vance.
Mr. Nitze was serving as 57th Secretary of the Navy when he was nominated

by former President Lyndon B. Johnson on June 10, 1967, to become Deputy
Secretary of Defense. He was confirmed by the United States Senate on June
29, 1967.
The late President John F. Kennedy nominated Mr. Nitze to be Secretary of

the Navy on October 14, 1963. At that time he was serving as Assistant Secretary
of Defense (International Security Affairs), having assumed that position on
January 29, 1961. He began his duties as Secretary of the Navy on November
29, 1963.

Graduated “cum laude” in 1928 from Harvard University, Mr. Nitze subse-
quently joined the New York investment banking firm of Dillon Read and Com-
pany. In 1941, he left his position as Vice President of that firm to become
financial director of the Office of the Coordinator of Inter-American Affaire.

From 1942-1943, he was Chief of the Metals and Minerais Branch of the Board
of Economie Warfare, until named as Director of Foreign Procurement and
Development for the Foreign Economie Administration.
During the period 1944-1946, Mr. Nitze was Vice Chairman of the United

States Strategie Bombing Survey. He was awarded the Medal of Merit by Presi-

dent Truman for service to the nation in this capacity.
For the next seven years, he served with the Department of State, beginning

in the position of Deputy Director of the Office of International Trade Policy.

In 1948, he was named Deputy to the Assistant Secretary of State for Economie
Affaire. In August, 1949, he became Deputy Director of the State Department’s
Policy Planning Staff, and Director the foliowing year.
Mr. Nitze left the fédéral govemment in 1953 to become President of the

Foreign Service Educational Foundation in Washington, D.C., a position he held
until January 1961.

Mr. Nitze is Chairman of the Advisory Council of The Johns Hopkins School
of Advanced International Studies in Washington, D.C., and also serves on the
Board of Trustées of the University. He holds memberships on the Board of

Directors of Schroders, Inc., in New York, and Schroders, Ltd., in London, The
American Security and Trust Company of Washington, D.C., Northwestern
Mutual Life Mortgage and Realty Investors of Milwaukee, Wisconsin, and is

Chairman of the Board of the Aspen Skiing Corporation.

Herman Kahn

Herman Kahn was born in Bayonne, New Jersey, in 1922. He received a B.A.
from UCLA in 1945 and an M.S. in physics from the California Institute of
Technology in 1948. He was associated with the Rand Corporation before becom-
ing in 1961 the principal founder and director of the Hudson Institute, a re-

search organization studying public policy issues, with headquarters in Croton-
on-Hudson, N.Y. His international réputation as a strategie warfare analyst
or, as the New Republie put it, one of “the prophets of strategie reality,” is based
on his work at the Institute and on his books: On Thermonuolear War (1960),
Thinking about the Unthinkable (1962), On Escalation (1965 and, revised Pélican

( 77 )
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STATEMENT OF E. P. WlGNER 1 FOR THE JOINT COMMUTEE ON DEFENSE
Production

1 Dr. Wierner is a Nobel Lauréate and an emerîtus professor of physies at Princeton
TMversity and hng lonpr been associated with civil defense issues. He edited a 1968 study
Who Speaks for Civil Defense f

THE EFFECTIVENESS OF CIVIL DEFENSE

This writer became convinced of the possible effectiveness of civil

defense measures when he served as a member of the General Advisory
Committee to the U.S. Atomic Energy Commission.
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Are the U.S.S.R. and China the onlv countries with elaborate and
well developed civil defense Systems? No—most of the peace-loving

countries also hâve such Systems, based on blast shelters, and their

yearly expenditures per person on such defense is about 15 times greater

than ours. This has been, so far, about 400 per person a year. Inciden-

tally, the Swiss civil defense repeats our President Kennedy’s message :

(Civil defense) “is insurance we trust, will never be needed”—its

greatest accomplishment is, according to the Swiss, that it will not
hâve to be used, that it will divert the aggressive instincts of possible

opponents.
It is easy to conclude that an effective civil defense is not only désir-

able, it is also possible.

IS CIVIL DEFENSE NECESSARY?

What is the principal danger that threatens us in the présent absence

of an effective civil defense ? It is the possibility of the U.S.S.R. evacu-

ating its cities, dispersing their population, and then making demands
on us, under the threat of a nuclear attack, approximating those made
by Hitler or Czechoslovakia which led to the Munich pact. This left

Czechoslovakia essentially defenseless.
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THE ARGUMENTS AGAINST CIVIL DEFENSE

The argument which we heard after the U.S.S.R. civil defense efforts

became generally apparent was that our installation of protection for

our people would only induce the U.S.S.R. to augment its aggressive
capability. We now know that such augmentation took place even
though we did not organize a vigorous civil defense effort. One of the
two arguments we now hear, the civil defense is too expensive, seems
almost ridiculous. If Switzerland, Sweden, etc., even China

,
can afford

the more costly, the blast shelter method, we with the highest per capita

national wealth, can also surely afford the defense of our people. The
other argument, in the words of one of the most learned opponents of

civil defense, S. Drell, is that it would lead to an “escalation of the ap-

préhension from the mood of today, vis-a-vis the dangers of a nuclear
exchange between the U.S. and the Soviet Union.” Should the appré-
hension of the danger not be greater now, where we hâve no effective

defense, than it would be when we hâve such defense? Or is it pro-

posed that we should lull the common people into ignorance of the true

situation? It is remarkable also that the U.S.S.R. is not criticised for

fostering the “appréhension” of its own people. One must conclude

that the varying arguments against civil defense hâve little validity.
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A FEW FROPOSALS RELATED TO OUR DEFENSE

The first change I would advocate is to stop maintaining that a
nuclear war would be the end of mankind. Such a statement may give
the impression to an opponent that he can achieve anything by threat-
ening with a nuclear war. After ail, he would argue, the opponent (that
is us) will make any sacrifice to avoid the “end of mankind”. Hence, if

he is threatened with extinction he will give in, particularly if the
threat cornes from a party which does not believe that the war precipi-

tated by him will lead to the “end of mankind”. Instead of such a
blatantîy incorrect statement, it would be better to subscribe to Chuy-
kov’s doctrine that “knowledge and the skillful use of modem protec-
tive measures” will make it possible to provide effective protection. At
least, we could adhéré to Kissinger’s earlier (1957) statement: “While
it (civil defense) cannot avert the traumatic effect of vast physical
destruction, its efficient operation may make the différence between the
survival of a society and its collapse.”

The second measure which I consider to be urgent is to establish

better contact with the people at large. This makes it désirable for

DCPA to expand its staff by the employment of people who can es-

tablish a contact with the population at large, who can speak and write
the truth convincingly. One of the functions of these advisors would
be to help the high schools to give instruction on the nature of nuclear
explosions and the defense against the effects of these. This is a subject

which is foreign to most présent high school teachers, and the advisor
could and should help them to acquire the necessary knowledge. After
ail, the Fédéral Government now intends to support the local schools

and can well suggest that these contribute to the protection of the

countrv. The high school instruction on civil defense—obligatory in

the U.S.S.R.—would be very useful since, after ail, we learn best when
we are young and we learn most non-elementary facts from our teach-

ers. But even more generally, the establishment of a close contact be-

tween those who protect our freedom, and those whose freedom is pro-

tected, would be very désirable; and acquainting people at large with
the methods and effectiveness of civil defense would provide an avenue
toward this goal. It may not be easy to find people who know about
the methods and effectiveness of civil defense and who are also able

and interested in communicating this and much other knowledge to

the people at large, but every effort should be made to find such people
and support them.
The last suggestion I wish to make is that the DCPA budget should

certainly not be eut. It should steadily be increased until, in a few years,

it reaches the per capita level of other peace-loving and non-expansion-
ist countries, such as Switzerland, Holland, Sweden, etc. For reasons

given in the rest of mv statement, this would be of décisive importance
for maintaining a valid, widely endorsed, and vi.gorous defense effort

for our country—and it would support ail freedom-directed nations.

Their independence does dépend to a certain degree on our strength

and our ability to stand up for them. The examples of Hungary,
Czechoslovakia, Poland—to mention only a few—show that such in-

dependence does not corne freely.

Let me end on a bit more hopeful tone which is. however. as sincere

as was the rest of my statement. This is the hope that an effective civil

defense may not only protect our country and our freedoms, but it may
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also lead to a more true peace than the présent one, which is based on
the fear of destruction. I hope such a peace in which no rulers are
tempted to increase their domains will corne into being !

Statement of Gérard C. Smith 1

I propose to discuss this morning some of the arms control im-
plications of Vladivostok as well as certain related aspects of the cur-

rent Defense budget submission.

I. THE VLADIVOSTOK ACCORD

At the start let me say that I put forward these ideas tentatively,

not categorically. I question that anyone can speak with certainty

about the slippery issues surrounding strategie arms and their con-

trol. I admit to a bias in favor of a very strong defense but I believe

that arms control can also advance the security of the United States
and the world whether or not there is some relaxation of tensions

between the U.S. and the U.S.S.R.
The Vladivostok accord should not be judged in and of itself—but

in connection with the limifr on défensive Systems (ABMs) agreed
upon in 1972 and other American-Soviet agreements relating to arms
control. It may help in judging the significance of Vladivostok to see

that accord as part of a process that has been going on for more than
five years. The general strategie dialog of the 1960s led to the spécifie

SALT exchanges of 1969-72 at Helsinki, Vienna, Washington, and
Moscow. Gradually the two sides developed somewhat better under-
standing of each other’s strategie préoccupations. Concerns about acci-

dentai or miscalculated nuclear hostilities led to the first two SALT
agreements in 1971—on measures to reduce the risk of outbreak of

nuclear war and on measures to improve the Washington-Moscow
direct communication link or “Hot Line.” In 1972 there was the major
breakthrough, the treaty limiting ABMs to two sites apiece, accom-
panied by the intérim agreement to freeze offensive launches at the

approximate levels of 1972. These were followed in 1973 by the Nixon-
Brezhnev agreed principles for offensive arms limitation and in 1974

the ABM Treaty levels were reduced to one site apiece. At year’s end
the Vladivostok accord foreshadowed limitations on offensive Systems

which although of relatively short duration may be considered as a

counterpart of the ABM Treaty. In judging this latest agreement one
should consider the cumulative effect of the entire SALT process

which hopefully can be considered as a preparatory stage for the

natural next steps—réduction in offensive force levels which the sides

are now committed to negotiate and some limitation on improvements
in weapons characteristics. A total ban on ABM Systems should also

be reconsidered.

I would not favor interrupting the current Geneva negotiations by
introducing a proposai for réductions. I do not believe that réduc-

tions are negotiable now. The Soviet position since 1968 has called

for first a limitation and subsequently for réductions. When and if

1 Mr. Smith ls the former Dlrector of the U.S. Arms Control and Disarmament Agency
and rhief U.S. représentative in SALT I. He is now in private practice with the law firm
of Wilmer, Cutler. and Pickering. His statement subraitted to the Joint Committee was
originally delivered to the Senate Foreign Relations Committee in April 1975.



(Gross exaggerations , assuming Nevada desert type terrain with
no thermal shadows by city skylines , no duck and cover, no clothing

and fraudulent blast effects data which ignores Hiroshima' s evidence)

Afpendix III

U.S. CIVILIAN NUCLEAR FATALITY ESTIMATES» FOR VARIOUS COUNTERFORCE ATTACK SCENARIOS

Type of attack Assumptions
Estimated

fatalities

Comprehensive attack:

Case 1, 60 percent destruction

of military targets.

Case 2, 60 percent destruction

of military targets.

Case 3, 57-60 percent destruc-

tion of military targets.

ICBM only attack:

Case 1

Case 2, 42 percent silo destruc-

tion.

Case 3, 80 percent silo destruc-

tion.

Ai rliftAttack:"4
"

Case 1

Case 2

Case 3

1 optimum height of burst and 1 surface burst warhead per each of

1,054 ICBM silos; pattern attack of SAC bases: unspecified

attack on 2 SSBN support bases; good shelter posture.

2 optimum height of burst warheads per each of 1,054 ICBM silos;

no pattern attack of SAC bases; unspecified attack on 2 SSBN
support bases; poor shelter posture.

2 surface burst warheads per each of 1,054 ICBM silos; pattern

attack of SAC bases; unspecified attack on 2 SSBN support
bases; very poor shelter posture.

2 550 kt optimum height of burst warheads per each of 1,054 ICBM
silos.

1 550 kt surface burst and 1 550 kt optimum height of burst war-
head per each of 1,054 ICBM silos.

1 3 Mt surface burst and 1 3 Mt optimum height of burst warhead
per each of 1,054 ICBM silos.

2 3 Mt surface burst warheads per each of 1,054 ICBM silos

1 200 kt cruise missile warhead per each of 5 U.S. heavy airlift

bases (Dover AFB, Del.; McGuire AFB, N.J.; Travis AFB, Calif.;

Charleston AFB, S.C.; and McChord AFB, Wash.)

1 1.2 Mt SLBM per each of 5 U.S. heavy airlift bases

1 1.2 Mt SLBM per each of 5 U.S. heavy airlift bases uses offset

targeting.

3, 200, 000

6. 700. 000

16. 300. 000

* 4, 000, 000

5, 600, 000

18. 300. 000

« 20
,
000, 000

70, 000

210, 000
135, 000

» Department of Defense estimâtes as reported to the Senate Foreign Relations Committee, July 11, 1975, and published

in "Analyses of Effects of Limited Nuclear War,” pp. 12-24. Note that figures are fatalities only and not casualties and that

attacks are restricted to military facilities (counterforce) rather than populated areas (countervalue). Shelter posture is a

function of degree of hardening and the willingness of the population to use shelters.
2 Under.
2 Circa.
4 Assumes allied victories in a European war supported by U.S. military airlift provide incentives for destruction of

major American airlift centers.

( 158 )
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AN INTRODUCTION TO DISASTER PSYCHOLOGY

USNRDL Reviews and Lectures No. 4, September 8, 1955, by W. E. Strope

MILITASY EVALUATIONS GROUP

United States Naval Radiological Defense Labobatoby

SAN FRANCISCO, CALIF.

An Introduction to Disasteb Psychology

1

By Walmer E. Strope*

In 1917 an ammunltion ship blew up in the harbor o£ Halifax, Nova Scotia.

The ship contained 3,000 tons of TNT. In the terminology of the atomic era,

tliis would be called a 3-kt détonation. Of course, it was a conventional explo-
sion with none of the radiological implications of atomic attack.

Nonetheless, the blast was devastating to the port City of Halifax. The
northern part of the city was destroyed, more than 1,800 people were killed,

approximately 20,000 others were injured, and many more thousands were
rendered homeless in the dead of winter.
There were several official reports of inquiries into the causes and effects

of the Halifax explosion. Sociologists and other scholars also studied varions
aspects of the disaster. These reports are united upon one fact. They each
note with some surprise the magnificent performance of a small group of people,
who were among the heroes of the Halifax disaster.

This group of people quickly went to the aid of the survivors, organizing the
flrst relief station at Halifax. This was in operation by noon of the day of
the disaster. Who were these people? And why was their heroism thought to
be unusual?
They were a company of traveling actors who were performing at the local

opéra house at the time of the explosion. In 1917, the acting profession was
not considered to be a particularly useful and acceptable part of society. Actors
were generally held to be rather peculiar, somewhat irresponsible, and thorough-
Iy self-seeking. Why, then, did a troup of actors becomes heroes when a major
disaster visited the city? At the time, no one know.

PEOPLE ABE MOMENTA1ULY STUNNED BY AN UNSTUUCTURED SITUATION

People at Texas City, for example, spoke of being frozen into inomentary im-
mobility, of not knowing wbat liad happened, or what to do next. A study 3

of the Texas City disaster reaelies the following conclusions: “The shattering
of normal expectations by an unexpected even présents the individual with an
unstructured, undefined situation in wliich lie does not know what to do.” The
shock reaction at Halifax lias been described 4 as “being suddenly stricken with
blindness and paralysis.” Some of tliis sensation of disability and helplessness
may be due to physical forces sucli as blast concussion and the like, but the
effect of “stun” is also seen in people who are no subjected to any physical force.
It is therefore more probable tliat it is purely psychologieal and is to be explaiued
in terms of the unexpected and undefined nature of the situation.

1 From notes of lecture given by author. The lecture notes reproduced hereln are based
on the research and flndlngs of varions investlgators in the fleld of disaster psychology.
Acknowledgment is glven to these investlgators, espedally to the authors of the publica-
tions listed in the footnotes.

• Head, Milltary Evaluations Group, U. S. Naval Radiological Defense Laboratory, San
Francisco 24. Calif.

* ORO-T-194, A Study of the Effect of Catastrophe on Social Disorganlzation, Logan,
Killian & Marrs (1951). (The rationale of this paper is drawn from pp. 94-96 and pp.
102-109 of the above reference.)

4 S. H. Prince, Catastrophe and Social Change, vol. XCIV of Studies in History, Eco-
nomies, and Public Law, Columbia University, 1920.



The Mann Gulch flre of 1949 was a forest-flre disaster in which 13 fireflghters

lost their lives. They were a group under the leadership of a man named Dodge,

who, when it became évident that the group was trapped, set a small escape fire

in the meadow. The escape fire created a burned area within which Dodge
survived although the rest of the group failed to follow him. The report of the

board of review 6 States :

“The evidence is not conclusive as to how many of the crew understood

Dodge’s purpose in setting the escape flre and heard his directions to join him in-

side the burned area. The situation was complicated by the noise of the main
flre and possibly by the remark of one victim, as heard by some of the men, ‘To

hell with this, I am getting out of here.’ Evidently each individual followed

either his own interests at this point or the example of those ahead of him who
were making their way up or across the slope.”

“Dodge showed coolness and good judgment in setting the escape fire. Both
survivors and S.vlvia said they believed that ail the men would hâve been saved
if they had followed Dodge’s lead in getting into the area burned by the escape

flre.”

This indeed is one of the maior problems with which any atomic defense or dis-

aster organization is faced. We know that rôle persons will arise in the situation.

We know tbat some of these people will be playing rôles that are highly désirable.

We know that others may be playing rôles that are going to increase the loss of

life or are likely to interfère with the saving of life by others. A major effort

must be made to assure that the ro’es that people play are those that are the
proper ones in the total situation. Such an effort must also include rôle persons
of the highest degree. For example, it has been stated that doctors are generally
rôle persons. They will treat injured persons wherever they find them, irrespec-

tive of their own safety or thoughts about their loved ones. But this may not
be the rôle that we would like to hâve a doctor play. It might be better for him
to go immediately to a first-aid collecting station or a hospital where he can treat

a vastly greater number of injured in the same period of time and with more
effectiveness than he would be able to do in scrambling through the ruins. If
this is the case, then the doctor must be trained to the proper rôle. He must be
convinced that the proposed rôle is the best for him. Once he is convinced of this,

it will guide his actions as a rôle person.

Other examples of improper rôles hâve occurred in civil disasters. In one
tornado incident, the police chief, rushing from his home toward his office,

stopped on the main business Street and became a mere guard, protecting the
stores there from looting. The sheriff became directly involved in rescue work as
a worker since several branches of his family had lived in the path of the tornado.
These men played useful rôles but they failed to assume the position of leader-
ship for which they were qualified and which would hâve resulted in more
effective disaster control.

Effective atomic defense will dépend in large measure upon the number and
type of rôle persons involved in the emergency. Effective leadership is more
important than facilities or equipment. There is rarely anything needed in a
disaster area that isn’t already there—hardware stores full of tools, acres of
abandoned vehicles, grocery stores full of food, department stores, hôtels and
motels, gas stations full of gas. What is usually in short supply are people who
understand the jobs to be done and who do them.

It is interesting that military organizations hâve developed the rôle person
concept to a high degree, perhaps without realizing it. Compared with civil
populations, the military are therefore highly immune to disasters. Not only
is the organizaiton able to take advantage of the basic human motivations in
disaster, but there is a constant program in the military forces to develop every
individual in the organization as a rôle person. The program starts with basic
training and proceeds through successive stages by which men are trained to
play particular rôles under adverse circumstances.
There are degrees of rôle persons, and the military recognize this fact. When

men are put into the front Unes for the flrst time, the Army is usually careful

* Renort of Board of Revlew, Mann Gulch Fire, Helena National Forest, Alignât K, 1949,
U. S. Fore8t Service.



to intersperse these green personnel among units that hâve combat expérience.
In this case, the combat vétérans act as rôle persons and bave a controlling influ-

ence in the action that ensues.
It would be an idéal State of affairs if an atomic attack we could hâve every

person a rôle person playing a proper rôle. At the présent time, this is far from
the case and perhaps a more practical target should be proposed. As a rule of
thumb, it may be said that if one can be sure that 1 person in 10 in a disaster area
will act as a proper-role person, then control. of the situation and maximum
saving of life and property can resuit. That is, each rôle person can take with
him, on the basis of silent leadership and example, something of the order of 10
other persons who otherwise might be doing nothing, doing the wrong things, or
blindly attempting to escape a situation in which they can see no hope. Of
course, it would be désirable to hâve more rôle persons than 1 in 10. Therefore,
atomic defense organizations should aim at creating as many rôle persons as
possible. Only in this way can we be sure that our people will hâve the maximum
chance of survival.
Now let us return to the city of Halifax and the members of the Academy

Stock Co. Why were these play actors heroes at Halifax? Whey were they
rôle persons? Regardless of their other traits, actors are trained intensively
in playing rôles. Each evening they beoome another person. The degree to
which they do become another person indicates their stature as an actor. One
cannot know whether these actors had ever acted in a play involving a natural
disaster but certainly they were adept at playing rôles. When the disaster
occurred, it was their natural impulse to play a rôle. The rôle they chose as a
group to play turned out to be very excellent. Prince says, “Thus it came
about that the soldiers, flremeu, and play actors may be called the disaster
protocracy. They were ‘the alert and effective,’ the most promptly reacting
units in emergeney.”
Some conclusions with regard to atomic defense are warranted. Certainly

one of the principal jobs is to créa te a large number of rôle persons and to train
them to play the rôles that are found to be the most important. While limited
numbers of personnel are being organized and trained intensively, the broad
base of the population should be indoctrinated with suflicient knowledge to
encourage proper structuring of the situation. They should be exposed to the
bare essentials regarding emergeney action to save life—fighting Ares, conducting
rescue, and so on.

Existing primary groups at work locations, at home, and at school should be
utilized in organizing for atomic defense. Supervisors, family heads, and teach-
ers should be singled out for development into rôle persons. Their training must
be such as to assure maximum protection and control of members of the group
and to instill confidence in group members that control leadership will preserve
life.

The immédiate value of an organization in time of disaster is the ability to
structure the situation more adequately and more quickly than the individuals
involved. The magnitude of atomic effects makes this function particularly
important. Communications are therefore essential to organized atomic defense.
If the control center is not provided with the means of acquiring the necessary
information on the nature and extent of the disaster, it may form a more errone-
ous structure of the situation than many subordinate éléments or persons who
are directly involved. In this event, attempts to control the actions of others
will be fruitless. People involved in the disaster will usually ignore nonsensical
instructions—instructions which patently are not in accord with the situation.
Of equal importance is the provision of adéquate communications for the dis-

sémination of a structure to the whole target population. It is not enough to
advise a limited organization while the vast majority of the survivors are form-
ing their own structure and proceeding to act accordingly.

Finally, ail disaster organizations should be open-ended; they must not be
conceived as a closed corporation. Members of atomic defense organizations
should ail be trained as leaders. They should be alert to recognize emergent-
role persons in a disaster and quick to accept and utilize their valuable efforts.
Any disaster plan that dépends entirely upon the predisaster organization is a
bad plan. The door must be left open for nonmembers to help. When the chips
are down, they will help—better than many.

W. E. Strope.
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RADIOLOGICAL DEFENSE MEASURES AS A COUNTERMEASURE
SYSTEM

Research and Development Technical Report USNRDL-TR-74, NS083001,
February 15, 1956, by W. E. Strope

General, Technical Objective AW-5c

Military Evaluations Group

W. E. Strope, Head

Scientiflc Director, P. C. Tompkins

Commanding Offlcer and Director, Capt. R. A. Hinners, United States Navy

United States Naval Radiolooical Defense Labobatory

SAN FRANCISCO, CALIF.

Fig. 1 Countermeasure System in the Emergency Phase

Hon. Val Peterson, Fédéral Civil Defense Administration Chief. in a speech before the
Helicopter Association of America in San Francisco on January 24, 1956, stated : “Today
we can give warnlng of an attack in time for évacuation of the city, but when the guided
missile is fuliy developed then it wlll be a case of ‘take shelter where you can.*

”
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L. Wayne Davis, Donald L. Summers, William L. Baker, and James
A, Keller, Prédiction of Urban Casualties and the Medical Load from
a High-Yield Nuclear Burst , DC-FR- 1060, The Dikewood Corporation

For people in or shielded by structures in Japan, the blast and
initial-nuclear radiation were the dominant immédiate effects.
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S.S. Grandchamp at Texas City exploded in 1 947. It contained 2.3 kt

of ammonium nitrate in 100-lb paper bags, but only the 0.88 kt in No. 4 hatch
was tamped and exploded after catching tire. TNT équivalent was 0.67 kt.
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Estimated worldwide b effects from 1 -Mt air burst over a City (OTA Case 1 ):

Somatic effects

Cancer deaths 200 - 2,000
Thyroid cancers about 700
Thyroid nodules about 1,000
Genetic effects

Abortions due to chromosomal damage 1 00 - 1 ,000
Other genetic effects 350 - 3^500

b
Most worldwide fallout would be in the Northern Hemisphere

Above: false LNT radiation scaremongering

Figure 1.— Vulnerability of Population in Various
Overpressure Zones

1979 U. S. Office of Technology Assessment, "The Effects ofNuclear War" déceptions

Table 14.—Long-Term Radiation Effects From Nuclear Attacks

Over 12 psi 5-12 psi 2-5 psi 1-2 psi

SSf Fatalities fe|§i Injuries Safe

Blast exaggeration:

Table 4.—Casualty Estimâtes

(in thousands)

(1 Mt on Detroit)

Damage to unreinforced brick house (5-psi overpressure)

Above: false house collapse (Apple-2

test house after manually demolished!)

photo. In fact, outer walls exploded but

Ist floor did not collapse at 5 psi, and
outward débris motion reduced hazard!

Région (mi) Area (mi
2

)
Population Fatalities Injuries Uninjured

0-1.7 9.1 70 70 0 0

1.7-2.

7

13.8 250 130 100 20

2. 7-4.

7

46.5 400 20 180 200

4. 7-7.4 102.6 600 0 150 450

Exaggerated blast effects

table ignores modem
city concrète buildings

which resist blast collapse

Table 5.—Burn Casualty Estimâtes

(1 Mt on Detroit)

Exaggerated thermal burns

table "arbitrarily" assumes

6.7 cal/cm2 is léthal and

3.4 cal/cm2 hospitalizes.

This was not true even for

light clothing in Hiroshima

and for bigger yields even

more heat is neededl

Skyline shadowing

protects over 90%.

Distance from Survivors of
Fatalities (eventual) ^ n

i
ur *es

blast (mi) blast effects 2-miie visibility 1 Q-mile visibiiity 2-mile visibility 1 0-mile visibility

(1 percent of population exposed to line of sight from fireball)

0-1.7 0 0 0 0 0

1.7-

2. 7 120,000 1,200 1,200 0 0

2.7-

4. 7 380,000 0 3,800 500 0

4.7-

7. 4 600,000 0 2,600 0 3,000

Total (rounded) . . 1,000 8,000 500 3,000

(25 percent of population exposed to line of sight from fireball)

0-1.7 0 0 0 0 0

1.7-

2. 7 120,000 30,000 30,000 0 0

2.7-

4. 7 380,000 0 95,000 11,000 0

4.7-

7. 4 600,000 0 66,000 0 75,000

Total (rounded) . . 30,000 190,000 11,000 75,000

These calculations arbitrarily assume that exposure to more than 6.7 cal/cm 2 produces eventual death, and exposure to more than 3.4 cal/cm 2 produces a

significant injury, requiring specialized medical treatment.
—



MORTALITY

(p*fC«nt)

L. Wayne Davis, Donald L. Summers, William L. Baker, and James
A, Keller, Prédiction of Urban Casualties and the Medical Load from
a High-Yield Nuclear Burst , DC-FR-1060, The Dikewood Corporation

PROMPT-THERMAL MORTALITY CURVES FROM SURFACE BURSTS
FOR OUTSIDE-UNSHIELDED PERSONS

Unless you are nude

outdoors, 6.7 cal/cm2

is not léthal
,
contrary

to the OTA report!
8 10 20 40

THERMAL EXPOSURE (col/cm2)

Uniform protection: Hiroshima, "léthal" 6.7 cal/cm2 II!Shirt protection: Nagasaki

PROTECTION AGAINST RADIANT HEAT. This patient (photographed by Japanese 2 October 1945) tvas about 6,500
feet from ground zéro uhen the rays struck him from the left. His cap was sufficient to protect the top of bis head
against flash bums.

Above: Hiroshima soldier only burned on unclothed skm
(1946 USSBS report on Hiroshima and Nagasaki, page 16)

[Data based on Hiroshima assuming 12.5 kt

yield. For the 2002 revised 1 6 kt yield in DS02,

thermal exposures must be increased by 28%]
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(Paper at Tripartite Thermal Effects Symposium, Dorking, October 1964)

IGNITION AND FIRE SPREAD IN URBAN AREAS
FOLLOY/ING A NUCLEAR ATTACK

G. R. Stanbury

INITIAL PIRE INCIDENCE

Aaauming that buildings on opposite aides of a Street which is

recelving heat radiation from a direction perpendicular to ita length
are of the same height we take the average dspth of a floor to be 10 ft.

Effeot of Shielding: Estimation of the number of expoaed flooro

Distance
from

explosion

miles

Angle
of

arrivai

oC°

'ffidth

( unit

8

of Street

of 10 ft.)

2 3 B 3 6 B 8

3 15* .3 • 5 1 1 IB 2

4 10 •5 .5 .5 1 Ba 1.5
5 8 •5 .5 .5 .5 OH 1

SPREAD OP PIRE

From laat war expérience of mass fire raids in Germany it waa conoiuded
that the overall spread factor vas about 2; i.e. about twice aa many buildings
were destroyed by fire as were actually set alight by inoendiary bombs

Nuaber of firea started per square mile in the
fire-atorm raid on Hamburg, 27th/28th July, 1943

102 tons H.B. 48 tons, 4 lb. magnésium 40 tons» 30 lb. gel.

100 fire» 27,000 bomba 3,000 bomba

8,000 on buildings 900 on buildings

1 ,600 fires 800 fires

2,500 fires in 6,000 buildings

However, the important thing to note is that the total number of fires
started in each square mile (2,500) vas nearly half that of the total number of
buildings; in other words, almost every other building vas set on fire

When the figure of 1 in 2 for the Geraan fire stors» is ooapared vith the
figures for initial fire inoidance of ro 1 in 1 5 to 30 obtained in the Birmingham
and Liverpool studios it oan only be oonoluded that a nuclear explosion oould not
possibly produce a fire atorm.



Thermal Radiation from Nuclear Détonations in Urban Environments

R. E. Mans, W, C. Moss, and B. Whitlock

Lawrence Livennore National Laboratory

UCRL-TR-231 593

June 7, 2007

io kt,

300 m
air burst

SAN FRANCISCO
Var: summedFlux

-30.00

-4,82

-0.774Ô

-0, 245

0,02000

cal'cur

W is the yield in kt

Pmax = 3.2 x 10
12

FF
0 ' 56

cal/s

fireball lise

< 5 km

10 kt,

surface

burst

(terrorist)

SAN FRANCISCO

2.85(r + 0.5)-;

1 ;

l + e
-{r-0.3)/0.15

= 0.04 W°
Ai

s

r = t / tmax

Eveil without sliadowing, the location of most of the urban population witliin

buildings causes a substantial réduction in casualties compared to the unshielded

estimâtes. Qther investigators hâve estimated that the réduction in bum injuries may be

greater tlian 90% due to shadowing and the indoor location of most of tlie population [6]

We hâve skown that coimnon estimâtes ofweapon effects that calculate a

‘ïadius” for thermal radiation are clearly misleading for surface bursts in urban

environments. In many cases only a few nnshadowed vertical surfaces, a small fraction

of the area witliin a thermal damage radius, receive the expected beat flux.
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Buildings

with

fire

outbreaks

John L. Crain, et al., Supplémentai Analysis - Civil Defense

Rescue, Stanford Research Institute, ADO625802, 1965.
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FIRE MORTALITY CURVES DC-P-1060

PEAK POWER DENSITY ( I06 Btu/mi2 *tc)

T. E. Lommasson and J. A.

Keller, “A macroscopie view
of fire phenomenology and
mortality prédiction,”

Dikewood Corp., report DC-
TN-1 058-1, December 1966

(Paper presented at the

Symposium on Mass Fire

Research conducted
February 6-9, 1967 under the

auspices of the Panel N-3,

Thermal Radiation, of the

Technical Coopération

Program).
i

Heilbrann^/.

Dresden .

Hamburg

INTENSE

FIRESTORMS

(GERMAN CELLARS)

Darmstadt

NUCLEAR EXPLOSIONS

|

(HIROSHIMA AND NAGASAKI)

f
y Aamori • %

• Barmen %

Freiberg N
• Hiroshima *Fukui \
• Solingen • Friedrickshafen 1

* Aachen . uim *Tôyama ^Chosi

• Nagasaki Fukuyama

Hamburg firestorm area = 45% area covered

by buildings containing 70 Ib/sq. ft of wood

Hence 0.45 x 70 = 32 Ib/sq. ft of wood loadlng

Every 1 Ib of wood = 8000 BTU of energy

Over 2.9 hours: 685 million BTU/sq. mile/sec.

1 BTU (British Thermal Unit) =

energy for 1 F rise in 1 Ib of water

= 252 calories

Severe firestorms require

600 BTU/sq. mile/second

FATALITIES IN WORLD WAR II FIRES

AVERAGE FIRE SEVERITY (Millions of BTU per sq. mile per second)

Lommasson and Keller, A Macroscopie View of Fire Phenomenology and Mortality

Prédictions, Dikewood Corporation, DC-TN- 1058-1, December 1966.

J. A. Keller, A Study of World War II German Fire Fatalities,

DC-TN-1 050-3, The Dikewood Corporation; April, 1966.

R. Schubert, Examination of Building Density and Fire Loading in the

Districts Eimsbuettel and Hammerbrook of the City of Hamburg in the

Year 1943 (20 volumes, in German), Stanford Research Institute;

January, 1966.



K)0 REALISTIC CITY HUMIDITY
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"TECHNICAL OBJECTIVE AW-7, CRITICAL RADIANT EXPOSURES FOR PERSISTENT

IGNIT10N", JULY I960, J. BRACCIAVENTI a F DEBOLO AD-249476; DASA-1194
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Even without shadowing, the location of most of the urban population within

buildings causes a substantial réduction in casualties compared to the unshielded

estimâtes. Other investigators hâve estimated that the réduction in bum injuries may be

greater than 90% due to shadowing and the indoor location of most of the population [6],

L A W R E N C

LIVERMORE
NATIONAL
LABORATORY

Thermal radiation

from nuclear

détonations in We hâve shown that common estimâtes of weapon effects that calculate a

l
urban environments “radius” for thermal radiation are clearly misleading for surface bursts in urban

environments. In many cases only a few unshadowed vertical surfaces, a small fraction

June 7, 2007 of the area within a thermal damage radius, receive the expected heat flux.

Thermal radiation shadowing
in modem high-rise cities
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4.1,2 Factors Contributing to the Greater Degree of Thermal Protection

in the Field.

There are several conditions encountered in the field, espe-

cially at the higher energy levels, but not duplicated iii the labora-

tory (at least not up to the présent time) that may account for the

fact that like araounts of thermal energy did not produce comparable

results in the laboratory and in the field, First, the thermal energy

is delivered rauch more rapidly with the explosion of an atomic bomb

than it is in tho laboratory. Second, due to smoke obscuration the

animais in the field actually received a smaller percentage of the

total energy delivered than they did in the laboratory* Third, the

blast wave following the explosion tended to extinguish fiâmes and

remove char, whereas no such wave was présent in the laboratory tests*

Fourth, where the heat reached the fabric layer next to the skin,

uniform drape (or spacing) provided additional protection in the field,

(2) Motion pictures of clothed animais, exposed to 50,0

and 33.5 cal/cm^ on Shots 9 and 10 respectively, showed heavy clouds

45

of black smoke enveloping the animais within 120 ms of the explosion.

(3) The blast wave following the explosion, which has not

been duplicated in laboratory applications of thermal energy, has two

possible protective effects. First, it can be oxpected to extinguish

fiâmes induced by the radiation in assemblies not treated for fire

résistance, thus removing a source of high heat, Although the blast

wave may not actually extinguish che flame in ail cases,^ it can be

expected in general to hâve this effect. Second, the blast wave would

tend to remove any char which, if allowed to remain, would act as a

heat réservoir and increase the likelihood of a severe burn.

46

Fig. 3.5 Destruction of Outer and Second Loyers

of Pigs* TJniforras (Shots 9 and 10)
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Weapon test report WT-774, Project 8.1 la, Incendiary etfects on buildings and interior kindling fuels

ENCORE test. Nevada, 1 953 Immédiate room flashover during thermal puise
10' x 12' wooden houses with 4' x 6' Windows ("Encore effect") in inflammables-filled house

17 calories/sq. cm thermal flash while fire-resistant fabrics in other house survived!

LEFT HOUSE: fire-resistant furnishings RIGHT HOUSE: non-fire résistant furnishings

(woolen rugs and clothes, vinyl plastic draperies) plus inflammable magazines and newspapers

Smouldering armchair extinquished 1 hour after détonation, when recovery party arrived at house



EFFECTS OF 1 PSI

OVERPRESSURE ON
IGNITIONS
F rom: Goodale, Effects of

Air Blast on Urban Fires

URS 7009-14 Dec. 1970

(AD 723 429)

Blast winds both

cool burning

material and

upset flame

convection System.

50% of burnîng

curtains are

extinguished by

1 psi overpressure

100% are put out by

2.5 psi. Note that

burning LIQUIDS

in high-wall trays

are not put out by

blast waves, but this

is not relevant to

city fires.

Burning beds can
continue to smoulder

until extinguished

with water.
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EB3BARCH ON BLAST BFFECT3 IN TUNNELS

With Speoial Referenoe to tho Use of London Tubas as Shelter

by P. H. Pavry

Sumnaiy and Conclusions

The use of the London tube railwaya as shelter fron nuolear weapons ralses

many problems, and considérable disousslon of some aspects has taken plaoe front

time to time. But - until the résulta of the researoh here desorlbed were avail-

able - no one was able to say with any oertainty whether the tubes would provide

relatively safe shelter or not.

The more recent researoh here described showed for the first time that
a person sheltering in a tube would be exposed to a blast pressure only
about y as great as he would be exposed to if he was above ground. (In
addition, of course, he would be fully protected from fallout in the tube.)

Large-Scale Field Test (VaO) at Suffield, Alberta

The test is fully described in an A.W.R.E. report^. The decision of
the Canadien Defence Research Board to explode very large amounts of high
exp2.osive provided a medium for a variety of target-response trials that was
welcome at a time when nuclear tests in Australie were suspended. A.W.R.E.
used the 100-ton explosion in 1961 to test, among other items, the model
length of the London tube, at 1/40th scale, that had already been tested
at Vu 7 acale.

Blast Bntiy from Stations

There was remarkable agreeroent with the Vll7th scale trials:
"maximum overpressure in the train tunnels was of the order of yrà the
corresponding peak shock overpressure in the incident blast. The pres-
sures in the stations were about 1/6th those in the corresponding incident
blast ".

(6) V^Oth Scale Experiment to Assess the Effect of Nuolear Blast on
the London Underground System. A.W.R.E. Report V2/62.

(Official Use Only.)



100 ton TNT test on 1000 ft section of London
Underground tube at Suffield, Alberta, 3 Aug 1961

Atomic Weapons Research Establishment, "l/40th Scale Experiment to

Assess the Effect of Nuclear Blast on the London Underground System"

,

Report AWRE-E2/62, 1962, Figure 30. (National Archives ES 3/57.)

200 FT FROM GROUND ZERO 400 FT FROM GROUND ZERO

100 PSI OUTSIDE 20 PSI OUTSIDE
30 PSI IN TUBES 7.2 PSI IN TUBES

15 PSI IN TUBE STATIONS 4.3 PSI IN TUBE STATIONS

Aldwych Underground tube station as Blitz shelter, 8 October 1940
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THE UNITED STATES

STRATEGIC BOMBING SURVEY

The Effects

of

The Atomic Bomb
on

Hiroshima, Japan

a. Evidence relative to ignition of combustible

structures and materials by beat directly radiated

by the atomic bomb and by otber ignition sources

dcveloped the following: (1) The primaiy lire haz-

ard was présent in combustible materials and in

firc-rcaistive buildings with unahielded wall open-

ings; (2) six persons who had been in rcinforced-

concrete buildings within 3,200 fcet of air zéro

stated tbat black cotton black-out curtains were

ignited by radiant beat; (3) a few persons stated

tbat thin rice paper, cedarbark roofs, thatchefl

roofs, and tops of wooden polos were afirc inunedi-

ntely after the explosion; (4) dark clothing was

scorched, and, in somc cases, reported to hâve

burst into (lame from flash heat; (5) but a large

proportion of over 1 ,000 persons questioned was in

ogreement that a great majority of the original

Ares was started by débris falling on kitehen cliar-

coal fircs, by industrial process fires, or by electric

short circuits.

b. Hundreds of fires were reported to hâve

started in the center of the city within ton minutes

after the explosion. Of the total number of

buildingB investigated 107 caught fire, and, in 69

instances, the probable cause of initial ignition of

the buildings or their contents was established as

follows: (1) 8 by direct radiated heat from the

bomb (primaiy fire), (2) 8 by sccondary sources

and (3) 53 by fire spread from exposing buildings.

Volume I

Physical Damage Division

May 1947

G. CAUSE AND EXTENT OF FIRE

1 . Conditions Prior to Attack

The city of Hiroshima was an excellent tarçfct

for the atomic bomb from a lire stnndpoint : There
had been no rain for tlirec weeka; the city was
highly combustible, consisting principally of dupa-
nese domestic-type structures; it was ronstnirted

over fiat terrain; and 13 square miles (including

streete) of the 26.5-square-mile city was more
than 5 percent built up (i. e., covcred by plan

areea of buildings). The remainder of the city

comprised water areas, parles and areas built up
below 6 percent. Sixty-eight percent of the 13-

square-mile area was 27 to 42 percent built up
and the 4-square-mile city center was purtirularly

dense, 93.0 percent of it being 27 to 42 |>ercent

built up.

14

3. Conditions on Moming of Attack

a. The moming of 6 August 1945 was olenr with

a small amount of douds at high altitude*. Wind
was from the south with a velocity of about 4k:

miles per hour. Visibility was 10 to 15 miles.

(1) Only a few persons remained in the air-raid

aheltere after the “all-clear” sounded.

84

13



THE UNITED STATES

STRATEGIC BOMBING SURVEY

The Effects

of

The Atomic Bomb
on

Hiroshima, Japan

Volume II

Physical Damage Division

Dates of Survey:

4. The city, consisting principally of Japancsc do-

meatic structures, was highly combustible and
densely built up. Sixty-eight percent of the 13-

aquare-mile city area was 27 to 42 percent built up
and the 4-equare-mile city ccnter was particularly

dense, 94 percent of it being 27 to 42 percent built

up. Ail the large industrial plants were located on
the south and southeast edges of the city.

8. Evidence relative to ignition of combustible

structures and materials by directly radiated heat

from the atomic bomb and other ignition sources

was obtained by interrogation and visual inspec-

tion of the entire dty. Six peraons who had been

in reinforced-concrete buildings within 3,200 feet

of air zéro stated that black cotton black-out

curtains were ignited by flasli beat. A few peraons

stated that thin rice paper, cedarbark roofs,

thatched roofs, and tops of wooden pôles were

afire immcdiately after the explosion. Dark
clothing was scorched and, in some cases, was

reported to hâve buret into (lame from flash heat.

A large proportion of over 1,000 peraons ques-

tioned was, however, in agreement that a great

majority of the original Ares were started hy débris

falling on kitchen charcoal Ares. Other sources of

secondary Arc were industrial-process Ar<*s and

clcctric short circuits.

9. There had been practically no rain in the city

for about 3 weeks. The velocity of the wind on

the moming of the atomir-bomb attack was not

more than 5 miles per hour.

14 October-26 November 1945

Date of Publication

10. Hundreds of Ares were reported to hâve

started in the center of the city within 10 minutes

after the explosion.

4

May 1947

p||OT<> 36 IX. partir liurncd cuat uf *«••>' *lic»

Win In ofien iiMr City Hall (Building 28) 3.800 fret

fiotst AZ.

(8) Scores of peraons throughout ail sections of

the city were questioned conccming the ignition

of clothing by the flash from the bomb. Replies

were consistent that white silk seldom was af-

fected, although black, and some other colored

silk, charred and disintegrated. Numerous in-

stances were reported in which designs in bluck or

other dark colore on a white silk kimono were

charred so that they fell out, but the white part

was not affccted. These statements were con-

firmed by United States medical officere who had

been able to examine a number of kimonos avail-

ablo in a hospital. Ten school boys were located

during the study who had been in school yards

about 6,200 feet east and 7,000 feet west, re-

speetively, from AZ. These boys had flash burns

on the portions of tlicir faces which had been

directly exposed to rays of the t>omh. The bovs’

stories were consistent to the effet1
1 that tlieir

clothing, apparently of cotton materials,

“smoked,” but did not buret into flame. Photo

.36 shows a boy's eoat that started to smoldcr from

heat rays at 3,800 feet from AZ.

(3300 from GZ) 24



U S STRATEGE BOMBjNG 9URVEY

BULT-UPNESS 6FIRE PROTECTION

HIROSHIMA, JARAN

FIGURE l-H

SOURCE: USSBS's report, 'The Effects of the Atomic Bomb on Hiroshima, Japon," vol. 2

OVER 40% BUILT- UPNESS
(AVERAGE 4e%.D0MESTIC-C0MMERCUL)

20-40% BULT-UPNESS
(AVERAGE 27%,OOMCSTIC -COMMERCIAL )

10-50% EMLT-UPNESS
(AVERAGE 90%, M0U5TRUL)

5-20% BULT- UPNESS
(AVERAGE 19%,COMMERCIAL- DOMEST IC -

STORAGE - TRANSPORTATION )

PER1METER OF FIRE DAMAGE

PREFfcRED FRE BREAK
(NOT TO SCALE)

MAJN WATER PIPES

MAW FIRE STATION

SUB FIRE STATION

DESTROYED FIRE STATION

UNDAMAGED FIRE STATION

HIROSHIMA
B'" T-.-.

//////

'////////,

Only 8 of 64 non-wood buildings had thermal flash ignition evidence, 3

had blast damage induced fire, and 28 were ignited by firespread from wood homes.



D. THE CONFLAGRATION

1. Start of Firt

b. Direct Igniticn by the Atomic Bomb. (1) Six

penons wcre found who bad been in reinforced-

concrete buildings within 3,2ü0 fect of AZ at thc

tirne of the explosion and who statcd tbat black

cotton black-out curtains wcre blazing a fcw sec-

onds later. In two cases it was stated tbat tbin

rice paper on desks close to open Windows facing

AZ alao burst into Dame immediately, although

heavier paper did not ignite. No incidents werc

recounted to the effect tbat fumiture or similar

objecta within buildings werc ignitcd directly by

radiatcd heat from thc bomb.

•21

0 10 20 30 40 50 60 70 80 90

PROBABIUTY OF FIRE SPREAD
Percent

(10) Fire fighting with water buckets was re-

ported insideonly four buildings (24,33,59, and 122)

and probably prevented extensive fire damage in

them. In Building 24, fire was started in contents

of a room at the Southwest corner of the second

story by sparks from trees on the south side about

1 Ji hours after the attack. Men inside the building

extinguished the fire and probably prevented

further damage in the first and second stories

(Photo 85). A little later, contents in the third

story were ignited by sparks from the outside and

were totally damaged. This fire was beyond

control before it was discovered, but did not

spread downward through openstairs. At Build-

ing 33, sparks from the west exposure, which

burned in early evening, set fire to black-out

curtains in the west wall and to waste paper in

the fourth story of the northwest section of the

building. Twenty penons were on guard in the

building awaiting such an occurrence and the

fires were quickly extinguished while in the

incipient stage. At Building 59 sparks from the

south exposure ignited a few pièces of fumiture in

the first and third stories and black-out curtains

in the first story about 2 hours after the attack.

These fires were extinguished hy men inside and

negligible damage resulted. A few window frames

in the east and west walls and 2 or 3 desks in the

fimt story of Building 122 were ignited by radiatcd

heat and sparks from the west and northeast

exposures. These fires were extinguished quickly

and damage was negligible.

58

A. SUMMARY

4. The mean areas of effectiveness (MAE) of the

atomic bomb for structural damage about ground

zéro (GZ) and thc radii of the MAE’s for the

several classes of buildings présent were computed
to be as follows:

(4) It was reported that a cotton black-out

curt&in at an unprotected window in the east stair

tower of Building 85 (3,800 feet from AZ) smoked

and was scorched by radiated beat from the bomb
but it did not burst into fiâmes.

(5) A man who was in the third story of building

26 (3,000 feet from AZ) stated that radiatcd heat

from the bomb ignited cotton black-out curtains at

unprotected Windows in the west wall and thin

rice paper on desks.

MAE’s
in square
miles

Radii of
MAE’s
in feet

Multistory, earthquake-resistant

Multistory, Steel- and reinforced-

concrete frame (including both

earthquake- and non-earthquake-

0.03 500

résistant construction) .05 700
1-story, light, steel-frame 3.4 5, 500

Multistory, load-beanng, brick-wall.. 36 5,700
1-story, load-bearing, brick-wall

Wood-frame industrial-commercial

6.0 7,300

(dimension-timber construction)

Wood-frame domestic buildings

8.5 8, 700

(wood-pole construction) 9.5 9, 200

Residential construction 6.0 7,300
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Building No.: 24. Coordinates: 5H. Distance from
(GZ): 1,300, (AZ): 2,400.

NAME: Bank of Japan, Hiroshima branch.

CONSTRUCTION AND DE8IGN
Type: Reinforced-concrete frarae (steel core).

Walls: Reinforoed concrète (12-inch) and atone (6-inch). ‘

Floore: Reinforoed concrète.

Framing: Reinforoed concrète.

REMARKS: Fire only in rooin at aouthwcst corner of GROUND \
second story and in cntirc tliird story. No fire in ...
building right after bomb, but afin; at 1000 hourn.

Fire in rooin in second story extinguished with watcr

buckets.
’

'àtâ.



Concrète bridges and buildings survive near Hiroshima's ground zéro

NAGASAKI SHELTERS. Tunnel shelters in the hillside
,
such as the ones pictured ( very

close to ground zéro), protected the few occupants from hlast, beat, and radiation.



Building No.: 36. Coordinates: 5H. Distance from

(OZ): 2,800, (AZ): 8,000.

NAME: Chugoku Electric Co.

CONSTRUCTION AND DE8IGN
Type: Reinforced-concrete frame.

Nuroher of stories: 5 and basement and penthouse JTG
clam: El.

Walls: Reinforoed concrète (12-inch).

Building No.: 24. Coordinates: 5H. Distance from
(GZ): 1,300, (AZ): 2,400.

NAME: Bank of Japan, Hiroshima branch.

CONSTRUCTION AND DESIGN
Type: Reinforced-concrete frame (steel core).

Walls: Reinforoed concrète (12-inch) and stone (6-inch).

Floors: Reinforoed concrète.

Framing: Reinforoed concrète.

REMARKS: Fire throughout building except in 60 per-

cent of basement (no fire in basement of west section

and about 25 percent of eaat section). Mau who was in

third story stated that hc saw cotton blackout curtains

in west wall and thin paper on desks catch fire from

flash of boinb. Fire was reported to hâve been in ail

stories 5 minutes after bomb.

Building No.: 40. Coordinates: 5H. Distance from

(GZ): 2,5001 (AZ): 8,300.

NAME: Fukuy* Department Store.

CONSTRUCTION AND DESIGN:
Type: Reinforœd-ooncrete frame.

Walls: 8-inch reinforoed concrète—large Windows.

REMARK8: Three persons who were questioned indi-

vidually stated that this building was afire imniediately

or within 20 minutes after the bomb. One man who was
in the building at the time stated that cotton blackout

curtains in the west wall were smouldering itnmcdiately

after the bomb. The en» ire building was afire at 1000

hours.

REMARKS: Fire only in room at Southwest corner of

second story and in entire third story. No fire in

building right after bomb, but afire ai 1000 hours.

Fire in room in second story extinguished with water

buckets.

Building No.: 33. Coordinates: 6H. Distance from
(GZ): 5,300, (AZ): 5,600.

NAME: Hiroshima Postal Savings Bureau.

CONSTRUCTION AND DESIGN
Type: Reinforced-concrete frame.

Number of stories: 4 and basement. JTG class: El.

Roof: Reinforced concrète, tile finish.

Partitions: Reinforced concrète.

Walls: Reinforced concrète, tile finish.

REMARKS: Sparks from west exposiire ignited cotton

black-out curtains in west wall at 2000 hours and waste

|M»per in fourth story of uorthwest section at 2100 hours.

Pires were extinguished with water buckets by 20 tire

gnards who were stationrd inside. Fire damage to

contents was uegligible. Paper records stornl in w«md

and steel raeks in northeast section of building were

exposcd to din-ct radiated beat from IhuiiI» but did not



Building No.: 86. Coordinate»: 5G. Distance frotn

(GZ): 2,000, (AZ): 2,800.

NAME: K6kO Private Grainmar School.

CONSTRUCTION AND DESIGN
Type: Reinforced concrète.

Nuiubcrof stories: Three. JTG class: El.

Roof: Reinforced-concrete alab.

Building No.: 49. Coordinate*: 51. Distance from

(GZ): 9,000, (AZ): 3.600.

Name: ChQgoku Newspaper.

CONSTRUCTION AND DESIGN
Type: Reinforced-concrete frame.

Nuniber of Stories: 7 and penthouse. JTG class: El.

Roof: Reinforced-concrete beam and slab.

Partitions: 9-inch bnck and 6-inch reinforced concrète. Partitions: Reinforeed concrète—lath and plaster.

ilfeUKiL
.ftiaS

Wall*: 7-inch reinforced concrète—large Windows.

RKMAHK.S: Man who was in building at lime of Iwnib

statod fire broke oui in third and fourth atones itntnedi-

ately after boinb flash. Head l>ookkce|H»r in bank in

Building 51 stated Chat thcrc was fin? in third «tory of

Building 49, 10 minutes after boinb flash.

Walle: Reinforced concrète (8-10 inches)

Building No.: 59. Coordinates: 51. Distance from (GZ):
4V 100, (AZ): 4,600.

NAME: Geibi Bank Co., Hiroshima Branch (in use at

time of bomb as the Higashi Police Station).

CONSTRUCTION AND DESIGN
Type: Reinforoed-concrete frame.

Walls: 8-inoh reinforced concrète monolithic—medium
window.

EXTENT OF FIRE: Total fluor area: 10,200 square

feet. Fluor area burned: 0 square feet; 0 |>erreiit (after

blast damage).

REMARKS: Sparks from sont h ex|M>stire ignited few

pièces of fiirnituro in First and third stories and cotton

blackont cnrtains in flrst story about 1030 liours. Pires

weie extinguished witli water buckets bv peuple iuside.

Negligible fire damage résultée!. Sonie of ex|H>sing

buildings had jiist lx*eti reinoved prior to t lie bomb.

Building No.: 96. Coordinates: G 5,

(GZ): 400 (AZ): 2,000.

NAME: Taisho Clothing Store.

Walls: Reinforced concrète (10-inch)

Distance from

NB ft

I I

üIJR II
i i
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Building No.: 10 Coordinates: 5H. Distance from (GZ):

800, (AZ): 2,100.

NAME: Nippon Life Insurance Co., Hiroshima branoh.

CONSTRUCTION AND DE8IGN
Type: Load-bearing brick wall.

Number of stories: See drawing. JTG clasa: F2.

Roof: Reinforced-concrete slab 6 inch (K-»nch bars 6-inch

oo by 12 inch oc).

Building No.: 23. Coordinates: 5H. Distance froin

(GZ): 1,200; (AZ); 2,300.

NAME: Fukoku Building.

CONSTRUCTION AND DESIGN
Type: 8t*el core reinforced-concrete fraine.

Number of stories: 7 and basement. JTG class: El.

Roof: Reinforced-concrete beam and slab (steel core).

Building No.: 18. Coordinates: 5H. Distance from

(GZ): 1,000, (AZ): 2,200.

NAME: Geibi Bank Co., Hiroshima Branch.

CONSTRUCTION AND DESIGN
Type: Reinforced-concrete frame.

Number of stories: 5 and H basement. JTG class: Kl.

Roof: Reinforced-concrete slab (métal pan).

Partitions: Reinforced-concrete (5-inch). Wood lath and

plaster in rear addition.

Walls: Reinforced concrète (10-inch).

U S STRATEOC BOMBNG SURVEY

BUILDING 23
HIROSHIMA, JAPAN
FIGURE 23-1 A



U. S. STRATEGIC BOMBING SURVEY
PHYSICAL DAMAOE DIVISION

Field Team No. 1, Hiroshima, Japan

Nurnbor of atones: 1. JTG class: A 2-3.

Roof: Tile over wood on wood trusn.

Partitions: Plaster on wood lath and stud»

Walls: Brick-bearing, 18 inches.

Building No.: 5. Coordinates: 5H. Distance frotn (GZ)

100, (AZ): 2,000.

NAME: 8hima Surgical Hospital.

CONSTRUCTION AND DESIGN
Type: Besring wall.

Number of stories: Three and basement. JTG class: El.

Roof: Reinforesd-eonerete beam and slab-tile covered.

Partitions: Reinforced-concrète , major—métal lath and
plaster, minor.

Walls: Reinforced-concrete panels, 10 inchcs. Rein-

forced-concrete granité facing.

Building No.: 6. Coordinates: SH. Distance from (GZ)

600, (AZ): 2,100.

NAME: Chiyoda Life Insurance Co., Chugoku branch.

CONSTRUCTION AND DE8IGN
Type: Reinforoed-ooncrete trame.

nu F
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U. S. STRÀTEGIC BOMBING SURVEY
PHY8ICAL DAMAOE DIVISION

Field Team No. 1, Hiroshima, Japan

BUILDING ANALY8IS

Sheet No. 1

Building No.: 24. Coordlnates: 5H. Distance from
(GZ): 1,300, (AZ): 2,400.

NAME: Bank of Japan, Hiroshima branch.

CONSTRUCTION AND DE8IGN
Type: Reinforced-concrete frame (steel core).

Number of 8tories: 8 and basement. JTG class: El.

Roof: Reinforced-concrete beam and siab.

Partitions: Reinforoed concrète and wood lath.

Walls: Reinforoed concrète (12-inch) and stone (6-inch).

Floors: Reinforoed concrète.

Framing: Reinforoed concrète.

Window and door frames: Métal (exterior) wood (in-

terior). Ceilings: Plaster on concrète.

Condition, workmanship, and materials: Excellent.

Compare with usuel United States buildings: Much
stronger—steel core construction.

OCCUPANCY: Bank.

CONTENT8: Bank and office equipment furnishings.

.DAMAGE to building: Only minor damage—top story

burned out, partitions, sash, trim blown out in two

lower stories.

Cause: Pire.

To Contents: Destroyed in tbird story—moderato débris

and biset damage in first and second stories, noue in

basement.

Cause: Fire and débris (about equally).

TOTAL FLOOR AREA (square feet) : 32,800. Structural

damage: —. Superficiel damage:

FRACTION OF DAMAGE: Building structural: —

.

Superficiel: —. Contents: 30 percent.

REMARK8: Glass removed from skylight (20 by 20

feet) and light steel-frame 'structure and roof covered

with 12 to 18 inchcs of sand and cinders.

Note.—

B

uilding damage bascd on total floor area.

Contents damage is fraction of contents seriously damaged.

Subet No. 2

(Fire Supplément to Sheet No. 1)

Building No.: 24. Fire classification: R.

WALL OPENINGS: Shuttera: Steel rollers.

8hut: Part.

Effect of blast: Blown in.

FLOOR OPENINGS:
Endored Fin door» Automatic Effect of blast

Stain: Part 8tocl rollers No Ncne—door» open.

Elevators: Ycs Métal and W. O. No Bcnt.

EXPOSURE:
Firebreak Pire

Location Distance Clearance Claaa Burned Remarks

N 25' No C Yci I4-foot concrète wall bc-

tween.

E 25* No H Yea Building 25 ( 1 4-foot wall

between).

S — No — — No eiposure.

W 125' Yes C Yea

PROBABLE CAUSE OF FIRE: Fire spread from cx-

posures.

VERTICAL FIRE SPREAD: No.

EXTENT OF FIRE: Total floor area: 32,800 square

feet. Floor area burned: 5,200 square fret-; 16 percent

(after blast damage).

REMARKS: Fire only in rooin at Southwest corner of

second story and in entire tbird story. No fire in

building right after bomb, but afire at 1000 hours.

Fire in room in second story extinguished with water

buckets.
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U. S. STRÀTEGIC BOMBING SURVEY
PHV8ICAL DAMAOE DIVISION

Field Team No. 1, Hiroshima, Jap&n

BUILDING ANALYSIS

8bset No. 1

Building No.: 69. Coordinates; 61. Distança frora (GZ):

4,100, (AZ): 4,600.

NAME: Geibi Bank Co., Hiroshima Branch (in use at

time of bomb as tbe Higashi Police Station).

CONSTRUCTION AND DESIGN
Type: Reinforoed-eoncrete frame.

Number of stories: See sketch. JTG class: El.

Roof: Reinforced-conorete beam and sla b.

Partitions: 7-ineh reinforoed concrets.

Walls: 8-inch reinforeed concrète monoiithic—medium
window.

Floors: Reinforoed-eoncrete beam and slab—parquet and
tile.

Framing: Reinforoed-eoncrete beam and slab.

Window and door frames: Steel. Ceilings: Sheet métal on
wood framing.

Condition, workmanship and mat criais: Good.

Compare with usual United States buildings: Apprcci-

ably st ronger than United States design.

OCCUPANCY: Police station (offioe).

CONTENTS: Office equipmeot.

DAMAGE to building: Mmor damage only—sash blown

out and hung ceilings partially stripped.

Cause: Blaat.

To contents: Slight damage to contents from blast and

débris.

Cause: Blast.

TOTAL FLOOR AREA tsquare fcet): 16,200. Structural

damage: —. Superficiel idamsgc:

FRACTION OF DAMAGE: Building. Structural:

Superficiel: Contents: 10 percent.

REMARKS:
Not*.—

B

uilding damage based on total fluor area.

Contenta damage is fraction of contents scriously damaged.

Sbbkt No. 2

(Pire Supplément to Sheet No. 1)

Builffing No.: 69. Fire classification: R.

WALL OPENING8: Shutters: Steel rollers in cast wall

and third story of south and west walls (wired glas.» in

ail Windows).

Effect of blast: Blown in at west wall, lient at soutli

wall.

FLOOR OPENINGS:
Auto

Enclosent Fire doors malle EfTect of blast

Stairs: Yw Métal Xo Bent sllRhtly.

Elevmtoin:

EXPOSURE:
Firebrvak Fin*

Location Distance Clearance Clans Burned Hemnrks
N \W Yes C Yes

F. 60' Ycs C Ycs

S 30' Partial

100'

C Yes Ali exj*>sures burned

w 60' Yes C Ycs

PROBABLE CAUSE OF FIRE: Fire spread frotu ex-

poeures.

VERTICAL FIRE SPREAD: No.

EXTENT OF FIRE: Total fluor area: 16,200 square

fcet. Fluor area burned: 0 square fcet; 0 |>errciit (after

blast damage).

REMARKS: Sparts from south e\|>oHure ignited few

pièces of furniture in first and third stories ami eut ton

blackout curtains in first story «Inuit 1030 Itoiirs. Pires

weic extinguished with water buckets hy (M'opte inside.

Negligible fire da'uage resulted. Sonie of ex|M>sing

buildings had just beon removed prior to t lie lioinb.
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Commercial Muséum (300 meters) before and after



GEIBI BANK CO. BUILDING AFTER ATTACK ON HIROSHIMA

Bank of Japan: USSBS Building 24, 1300 ft from GZ
Geibi Bank Co: USSBS Building 59, 4100 ft from GZ

(Table 5 of USSBS report 92 Hiroshima, v2.)

In both, survivors extinguished tire with water buckets.

(Ref: Panel 26 of the "DCPA Attack Environment Manual", Chapter 3.)



ADA038738
Secondary Fl ras

Secondary fires are those that rosult front airblast damage. Their

causes include overtumed gas appliances, broken gas Unes, and elec-

trical short-circuits. McAuliffe and Moll (Reference 1 ) studied

secondary fires resulting froa the atomic attacks on Hiroshima and

Nagasaki and compared their results with data from conventional bomb-

ings, explosive disasters, earthquakes, and tomadoes. Their major con-

clusion was that secondary ignitions occur with an overaxl average fre-

quency of 0.006 for each 1000 square feet of floor space, provided air-

blast peak overpressure is at least 2 psi. The frequency of secondary

ignitions appears to be relatively insensitive to higher overpressures.

Based on surveys of Hiroshima and Nagasaki buildings.

FREQUENCY 0F SECONDARY IGNITIONS AS A FONCTION 0F BUILDING TYPE

Type of Structure

Mood

Frequency of Secondary Ignitions
(for each 1,000 square feet of floor area)

0.019

Brick 0.017

Steel 0.004

Concrète 0.002

MULTIPLYING FACTOR FOR TYPES 0F BUILDING 0CCUPANCIES

Public 0.4

Mercantile 0.5

Residential 0.5

Manufacturing 1.0

Miscellaneous 10.0

MULTIPLYING FACTOR FOR TIME 0F DAY

Time of Day Multiplylnq Factor

Night 0.5

Day (other than
mealtimes) 1.0

Mealtimes 2.0

1 • Secondary Ignitions in Nuclear Attack . J. McAuliffe and K. Moll,
Stanford Research Instituts, Menlo Park , California 94025, SRI
Project 5106 (AD 625175), July 1965.
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HIROSHIMA before and after bombing. Area around ground zéro.

7

1,000 foot circles.

A. A. F. Photos

Above: surviving buildings are air-brushed out of photo of Hiroshima
1946 USSBS openly published Hiroshima and Nagasaki report, page 7

Hiroshima BEFORE (USSBS photo) Modem concrète buildings AFTER.

Small wooden, overcrowded houses hâve burned down after

blast overturned stoves (8:15 am, breakfast time)

.



II. THE EFFECTS OF THE ATOMIC BOMBINGS

A. THE ATTACKS AND DAMAGE
1. The attaek*.—A single atomic bomb, the first

weapon «f its ty|>e ever used against a target, ex-

ploded over the eity of Hiroshima at U815 on tlie

morning of 6 Augnst 1945. Most of the industrial

workers had already reported to work. but many
workers were enroute and nearly ail the scliool

children and sonie industrial employées were at

Work in the open on the program of building re-

moval to provide firebreaks and disperse valuables

to the eountry. The attaek came 45 minutes after

the “ail elear" had been sounded front a previous

alert. Recause of the lack of warning and the

populace's indifférence to simili groups of planes,

the explosion came as an almost complété surprise,

and the people had not taken shelter. Many were

caught- in the open, and most of the rest in flim-

sily constructed homes or commercial establish-

ments.

At Nagasaki, 3 days later, the eity was scarcely

more prepared, though vague references to the

Hiroshima disaster had appeared in the newspaper

of 8 August. Front the Nagasaki Prefectoral

Report on the bontbing. something of the sltock

of the explosion can be inferred:

The day was clear with not very ninch wind—an or-

dinnry inldaununer’a day. Tlie strain of continuons air

attaek on J lie clty's population and the severity of the

Muninter had vitiated enthusiastic air raid précautions.

Prevlouxly, a general alert had been sounded at 0748,

with a raid alert at 0750; thls was eanceled at 0830, and

the alertness of the people was disslpated by a great feel-

ing of relief.

The eity reimtined on the warning alert, but

when two B-29*s were again sighted coming in

the raid signal was not given immédiately; the

bomb was dropped at 1 102 and the raid signal was

given a few minutes later, at 1109. Titus only

about 400 (teople were in the citys tunnel shelters,

which were adéquate for altout 30 percent of the

|K)pulation.

3

2. Hiroshima.

If there were, as seems probable, about

245.000 people in the eity at the tinte of the attaek,

the density in the congested area niust hâve been

about 35,000 per square mile. Five completed
évacuation programs and a sixth tlien in progress

had reduoed the i>opulation front its wartime peak
of 380,000.

In Hiroshima (and in Nagasaki also) the dwell-

ings were of wood construction; about one-half

were one story and the rentainder either one and
one-half or two stories. The roof coverings were
niostly hard-burnt black tile. There were no ma-
sonry division walls, and large groups of dwellings
clustered together. The type of construction,

coupled with antiquated fire-fighting equipntent

and inadequately trained personnel, afforded even

in peacetime a ltigh possibility of conflagration.

Many wood-framed industrial buildings were of

poor construction by American standards. The
principal points of weakness were the extremely

small tenons, the inadéquate tension joints, and
the inadéquate or poorly designed latéral bracings.

Reinforced concrète framed buildings showed a

striking lack of uniformity in design and in quality

of materials. Sonie of the construction details

(reinforcing rod splices, for example) were often

poor, and much of the concrète was definitely

weak; tlius sonie reinforced concrète buildings col-

lapsed and suffered structural damage when within

2.000 feet of ground zéro, and some internai wall

paneling was demolished even up to 3,800 feet.

( For convenience, the term “ground zéro” will be

used to designate the point on the ground directly

beneath the point of détonation, or “air zéro.”)

5

Hiroshima’s industrial production could liave re-

sumed normal operation within 30 days of the

attaek had the war continued.

s



official Japanese figures siimmed up the building

destruction at 62,000 out of a total of 90,000 build-

ings in the urban area, or 69 percent. An addi-

tional 6,000 or 6.6 percent were severely damaged,
and most of the othei*s showed glass breakage or

disturbance of roof tile. These figures show the

magnitude of the problem facing the survivors.

Despite the absence of sanitation measures, no
épidémies are reported to hâve broken out.

9

Nagasaki

Because parts of the city were protected by

hills, more than one-half of the residential unit»

escaped serious damage. Of the 52,000 residential

units in the city on 1 August, 14,146 or 27.2 per-

cent were completely destroyed (by Japanese

count) (11,494 of these were burned)
;
5,441 or

10.5 percent were half-burned or destroyed; many
of the remaining units suffered superficial or minor

damage.

13

Because of the brief duration of the flash wave
and the shielding effects of almost any objects

—

leaves and clothing as well as buildings—there

were many interesting cases of protection. The
radiant heat came in a direct line like light, so

that the area burned corresponded to this directed

exposure. Persons whose sides were toward the

explosion often showed definite burns of botli sides

of the back while the hollow of the back esca|)ed.

Peuple in buildings or houses were apparently

burned only if directly exposed through the Win-

dows. The most striking instance was that of a

man writing beforc a window. His hands were
seriously burned but his exposed face and neck

suffered only sliglit burns due to the angle of entry

of the radiant heat through the window.
Flash burns were largely confined to exposed

areas of the body, but on occasion would occur

through vnrying thicknesses of clothing. Gener-

ally speaking, the thicker the clothing the more
likely it was to give complété protection against

flash burns.

17

A large percentage of the cases died of secondary

disease, such as septic bronchopneumon ia or tuber-

culosis, as a resuit of lowered résistance. Deaths

from radiation began alnxit a week after exposure

and reached a |>eak in 3 to 4 weeks. They had

practically cease<l to occur after 7 to 8 weeks.
'

19

The flash heat was intense enough to cause tires,

despite the distance of the fireball from the ground.

Clothing ignited. though it conld lie quickly beaten

out, téléphoné pôles charred, thatched roofs of

houses caught fire. In Hiroshima, the explosion

started hundreds of fires almost simultaneously,

the inost distant of wliich was found 13,700 feet

from grouixl zéro; this, however, pr<>bably started

when a building witli a thatched roof collapsed

onto a hot charcoal fire. Fires were started di-

rectly by flash heat in such easily ignitible sub-

stances as dark cloth, paper, or dry-rotted wood,

within about 3,500 feet of ground zéro; wliite-

painted, eoncrete-faced or cernent-stuccoed struc-

tures reflected the heat and (lid not ignite. A cedar

bark roof and the top of a dry-rotted wooden plat-

form 5,200 feet west of ground zéro, were reported

to hâve been ignited by the bomb flash. The ma-
jority of initial fires in buildings, however, were

started by secondary sources (kiteheu charcoal

fires. electric short-circuits, industrial process fires,

etc.).

Seri-

ous or third-degree burns were suffered by those

<lirectly exposed within 4,500 feet, and occasionally

as remote as 7,200 feet. In the immédiate area of

gi*ound zéro, the heat charred corpses beyond

récognition.

Clothing as well as buildings afforded consid-

érable protection against the flash. Even a clump

of grass or tree leaf was, on occasion, adéquate.

The implication clearly is that the duration of

the flash was less than the time required for the

grass or leaf to shrivel. While an accurate esti-

mate is not possible, the duration could hardlv

hâve exceeded a fraction of a second.

t>:>
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NEW SHOOTS are appearing on tbis limb of a cbestnut tree,

about 2,100 feet sontb of ground zéro at Nagasaki, 2 montbs
after the attach, even tbough tbe leaves were burned and
witbered at tbe time of tbe explosion (Japanese photo).



B. WHAT WE CAN DO ABOUT IT

The danger is real—of tliat, the Survey’s find-

ings leave no doubt. Seattered through those

findings. at the same time, are the dues to the

measures that can be taken to eut down potential

losses of lives and property.

1. /Shelters.—The inost instructive fact at Naga-

saki was the survival, even when near ground zéro,

of tlie few hundred people who were properly

placed in the tunnel shelters. Carefully built

shelters, tliough unoccupied, stood up well in both

eit ies. Without question, shelters can protect those

who get to thein against anything but a direct, hit.

Ade(piate warning will assure that a maximum
number get to shelters.

Analysis of the protection of survivors within a

few hundred feet of ground zéro shows that shield-

ing is possible even against gamma ravs. At
Hiroshima, for example, persons in a concrète

building 3,600 feet from ground zéro showed no

<‘lin irai effeets from gamma radiation, but those

proteeted only bv wooden buildings at a similar

distance suffered from radiation disease. The
neeessarv thiekness varies with the substance and
with the distance from the point of détonation.

Adéquate shelters can be built which will reduce

substantiallv the casualties from radiation.

Men arriving at Hiroshima and Nagasaki hâve

been constantly impressed bv the shells of rein-

forced concrète buildings still rising above the

ruhble of brick and stone or the ashes of wooden
buildings. In most cases gutted bv fire or stripped

of partitions and interior trini, these buildings hâve

a double lesson for us. Thev show, first, that it is

possible without excessive expense to erect build-

ings which will satisfactorily protect their con-

tents at distances of about 2,000 feet or more from
a bomb of the types so far employée!. Construction

of such buildings would be similar to earthquake

résistant construction, which California expérience

indicates would cost about 10 percent to 15 percent

more than conventional construction. Even
against more powerful bombs or against near

misses, such construction would diminish damage.
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As défensive weapons, atomic bombs are useful

primarily as warnings, as threats of retaliation

which will restrain a potential aggressor from
their use as from the use of poison gas or biological

warfare. The mission of active defense, as of

passive defense, is tlius to prevent the surprise

use of the atomic bomb from being décisive. A
wise military establishment will make sure—by
dispersai, concealment, protection, and constant

readiness of its forces—that no single blow or

sériés of blows from an enemy can cripple its

ability to strike back in the same way or to repel

accompanying attacks from other air, ground, or

sea forces. The measures to enable this unrelax-

ing state of readiness are not new; only their

urgency is increased. Particularly is this true of

the intelligence activities on which informed de-

cisions and timely actions dépend.

The need for research is not limited to atomic

energy itself, but is equally important in propel-

lants, détection devices, and other techniques of

countering and of delivering atomic weapons.

5. Conclusion .—One further measure of safety

inust accompany the others. To avoid dest ruction,

the surest way is to avoid war. This was the

Survey’s recommendation after viewing the rubble

of German cities, and it holds equally true whether

one remembers the ashes of Hiroshima or consid-

ers the vulnerability of American cities.

Our national policy lias consistently had as one

of its basic principles the maintenance of peace.

Based on our ideals of justice and of peaceful de-

velopment of our resources, this disinterested pol-

icy has been reinforced by our clear lack of any-

thing to gain from war—even in victory. No more
forceful arguments for peace and for the inter-

national machinery of peace than the sight of the

dévastation of Hiroshima and Nagasaki hâve ever

been devised. As the developer and exploiter of

this ominous weapon, our nation has a responsi-

bility, which no American, should shirk, to lead in

establishing and implementing the international

guarantees and Controls which will prevent its

future use.
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Mechanix lllustrated, Jan. 1951

Head for the basement as soon as the siren

sounds and remain as close as possible to

heavy, supporting columns to avoid the dan-
ger of collapsing beams. Stay away from ail

entrances and ail Windows. If there are heavy
Steel doors and shutters, close them.

The British government recommends
construction of raid shelters on the order
of the Anderson-type, built outside many
British homes during the Hitler blitz. These
were steel arches, six feet high and four-
and-a-half feet wide, half buried in the
ground. Civil defense authorities assert

that if three feet of earth were piled above
the arch, the shelter could protect ail inside
from the four main causes of death and
injury.

Don’t be in a rush to emerge from your
hideout—stay there until you hâve been
assured the bomb will not be dropped, long
enough for radiation outside to wear off.

IF YOU ARE TRAPPED ON THE TOP
FLOOR OF A BUILDING . . .

and descent to the basement is prevented by
jammed elevators and stairs, don’t join the
mob battling to get down. Proceed to a point
as close to the center of the building as pos-
sible and lie against a wall or strong support-
ing column, out of line of the Windows. Or
crawl under a table, sofa or desk which would
provide protection against flying glass.

IF YOU ARE WALKING ON THE
STREET . . .

get out of the open. Remember that flash

and flame bums killed 50 per cent of the

106,000 persons who died in the atomic attack

on Hiroshima and Nagasaki and accounted for

75 per cent of ail casualties. The bomb’s heat
rays travel in a straight line—so ail you hâve
to do is get inside.

Head for the nearest official shelter. If

there aren’t any, a subway—the deeper the
better—will do as well.

Target area at Hiroshima was completely leveled except for a few reinforced concrète building trames.

That's why American builders of A-bomb shelters concentrate on the use of thick concrète walls.

The U. S. Strategie Bombing Survey
No. 5 undei*taken by the U. S. Air Force,
States flatly: “The most instructive fact at
Nagasaki was the survival of the few hun-
dred people who were properly placed in

tunnel shelters. Without question, shelters

can protect those who get to them against
anything but a direct hit.”

The best protection from shock, radia-
tion and heat is reinforced concrète; almost
as good is closely packed earth. The thick-
ness required to protect you fully dépends,
obviously, on the distance from the blast.

How much protection and at what dis-

tances? Well many other factors influence
the efïect of an atomic blast, including
height of the burst, direction of the blast

and types of buildings in its path. The
government handbook, The Effects of

Atomic Weapons, estimâtes that at a half-

mile from the explosion, a 12-inch rein-
forced concrète wall inside a building
would provide enough protection.
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As at Hamburg, peoplc proved

tougher than structures. Almost 70 per cent of the buildings in

Hiroshima were destroyed, cotnpared with around 30 per cent of pop-

ulation.*

The Research Department of the Hiroshima Municipal Office
is reported to hâve estimated the population in the city as 407,000,
in Hiroshima (Hiroshima Publishing Company, 1949).

^These proportions are the estimâtes used by the U. S. Strategie
Bombing Survey report. The Hiroshima Municipal Office calculations
show an even greater disparity, reporting 22 per cent of population
killed and missing but some 89 per cent of buildings as destroyed or
needing reconstruction (Hiroshima )

.

-13-

On August 7 power was generally restored to

surviving areas» and through railroad service counenced on August 8.

Téléphoné service started on August 15. Hiroshima vas also not a

dead city. The U. S. Strategie Bombing Survey reported that plants

responsible for three-fourths of the city 1

s industrial production

could hâve resumed normal operations within 30 deys (the never and

larger plants in Hiroshima were on the outsklrts of the city, and

both physical premlses and personnel generally survived) By

mld-1949 the population had grovn to over 300,000 once more, and
2

70 per cent of the destroyed buildings had been recons truc ted.

*USSBS, "The Bffects of Atonie Bombs at Hiroshima and Nagasaki,"
p. 8.

^Hiroshima .
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CHAPTER XL USE OF HEAVY MECHANICAL
PLANT IN RESCUE, DEMOLITION AND

CLEARANCE OPERATIONS

In the last war it was found that at major incidents the use of heavy
mechanical plant was frequently necessary in support of rescue opera-

tions. Such equipment was used to help in the quick removal of débris
;

to lift heavy blocks of brickwork or masonry ; to take the weight of

collapsed floors and girders so that voids could be explored and
casualties extricated

;
to haul off twisted steelwork and other débris

and to break up sections of reinforced concrète.

In future ail these tasks may be required and heavy clearance may
hâve to be effected to enable rescue and other Civil Defence vehicles

8 March 1945 Fig 20 1 ton of TNT équivalent

Using heavy mechanical plant at the Smithfield Market V.2 incident.
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to approach within measurable distance of their tasks. The problem
of débris will in fact be a major factor in Civil Defence operations.

Heavy mechanical plant may be required for the following purposes :

(a) To assist in the removal of persons injured or trapped. At
this stage mainly heavy plant is needed, particularly mobile
crânes with sufficient length of boom or jib to reach for long
distances over the wreckage of buildings.

(b) To force a passage for Civil Defence vehicles and lire appliances
to enable them to reach areas where major rescue and other
problems exist and require urgent operational action.

(c) To take certain safety measures—e.g., to pull down unsafe
structures.

(d) To clear streets and pavements to help restore communications
and to afford access for the repair of damaged mains and pipes
beneath the streets.

(e) For the final clearance of débris and the tidying of sites.

This is a long term and not an operational requirement.

Urgent Rescue Operations

During rescue operations in London in the last war the machines
used with great success included heavy 3J-5 ton mobile crânes, mounted
on road wheels, with a 30-40 ft. jib ; medium heavy 2-3J ton mobile
crânes, mounted on road wheels, with a 26 ft. jib ; heavy crawler
tractor bulldozers ; medium crawler tractor bulldozers ; mechanical
shovels and compressors, three stage, mounted on road wheels.

In the case of a large or multiple incident where access was obstructed
by considérable quantities of scattered débris, a bulldozer or tractor
was first employed in order to clear one or more approaches by which
other equipment and personnel could reach the scene of operations.

Next, ail débris of manhandling size was loaded into one-yard skips
and discharged by the crâne into lorries, giving increased manœuvring
space to the Services operating on the site.

Heavy mobile crânes were then brought up to the incident where,
used under the skilled direction of the rescue party Leader, they were
invaluable for removing girders and large blocks of masonry which
obstructed access to casualties or persons trapped. The necessary
chains and wire ropes for these operations formed part of the standard
equipment of the heavy and medium-heavy mobile crânes.

The work was, of course, carried out in close co-operation with the
Rescue Parties who also used various forms of light mechanical equip-
ment, such as jacks and ratchet lifting tackle for work in confined spaces.
Compressors sometimes proved valuablc for breaking up large

masonry such as fallen walls, into sections of a size and weight within
the handling and lifting capacity of the crânes. This method was only
used when it was known that there were no casualties under the
masonry.
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IV» STRATEGY FOR EMPLOYAIENT

A. Fl ex I b 1 1 1tv

(ü) Th® U. S. must hâve the capablllty to rejpond appropr lately and

effectlvely to any levai of Soviet aggression, over the continuum of

nuclear weapon employment options, ranglng from use of a small number of

strategie and/or theater nuclear capable weapon Systems In a contïngency

operation, to a war employlng ali éléments of our nuclear forces In

attacks agalnst a broad spectrum of enemy targets. The ablllty to

respond wlth selectlvlty to lass than an all-out Soviet attack, In kecplng

wlth the needs of the situation Is requlred In ordar to provide the

National Corrmand Authorltles (NCA) wlth sultable alternatives, strengthen

deterrence, and enhance the prospects of llmltlng escalatlon of the

confllct. In addition to pre-planned options we need an ablllty to

design employment plans on short notice In response to the latest and

changlng cl rcums tances. To advance the goal of flexlblllty, planning

wl 1 1
provide an object Ive-or iented sériés of building block options for

the employment of nuclear weapons ln ways that wlll enable us to employ

them consonant wlth our objectives and the course of the confllct.

As It evolves, the building block approach should provide

plans whlch satlsfy a hîerarchy of targetlng objectives and wtilch wlll

provide the NCA an Improved capabillty to employ nuclear weapons effectlvely

In as measured and controlled a manner as feaslble ln case of a llmlted

confllct. It should provide compl ementary éléments whlch can be comblned

In an Integrated and discrète manner to provida larger and more comprehenslve

plans for achîevlng pol I t Ico~ml 1 I tary objectives In spécifie situations.

The building block approach places emphasls on the Indlvldual éléments,

thelr objective ut i 1 I ty , and our ablllty to employ them separately or In

total. However , thls does not Imply that the total plan be flnely

d!vîslble--pract ical realîties cannot be Ignored. The desire for enhanced

flexlblllty ln employment must be balanced by practlcal considération of

the tncreased complexlty Incurred In planning and operations, the need

to avold compromîslng the affect Iveness and workabl 1 I ty of the larger

options, and the need to maintaln a responilve declslonmaklng and force

execution procès s.
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Personnel in structures. A major cause of

personnel casualties in cifcies is structural

collapse and damage. The number of

casualties in a given situation may be

reasonably estimated if the structural

damage is known. Table 6-1 shows

estimâtes of casualty production in two

types of buildings for several damage
levels. Data from Section VII may be

used to predict the ranges at which

specified structural damage occurs. Dém-
olition of a brick house is expected to

resuit in approximately 25 percent mor-

tality, with 20 percent serious injury

and 10 percent light injury. On the

order of 60 percent of the survivors must

be extricated by rescue squads. Without

rescue they may become fire or asphyxi-

ation casualties, or in some cases be

subjected to léthal doses of residual

radiation. Reinforced concrète struc-

tures, though much more résistant to

blast forces, produce almost 100 percent

mortality on collapse. The figures of

table 6-1 for brick homes are based on

data from British World War II expé-

rience. It may be assumed that these

prédictions are reasonably reliable for

those cases where the population is in a

general State of expectancy of being

subjected to bombing and that most

personnel hâve selected the safest places

in the buildings as a resuit of spécifie

air raid wamings. For cases of no

prewarning or préparation, the number

of casualties is expected to be considerably

higher.

Glass breakage extends to considerably

greater ranges than almost any other

structural damage, and may be expected

to produce large numbers of casualties

at ranges where personnel are relatively

safe from other effects, particularly for

an unwamed population.

Table 6-1. Estimated Casualty Production in Structures

for Various Degrees of Structural Damage

Killed
outright

Serious
Injury
(hospi-
talisa-

tion)

Light
injury
(No hos-
pitalité,

tion)

1-2 story brick homes (high ex-

plosive data): PcrtrrU Percent Percera

Severe damage 25 20 10

Moderate damage <5 10 5

Light damage <5 <5

Soit. Tbese percentages do oot tndude tbe casualties wbich may resuit

from lires, aspbyxiation, and other causes from fallure to extricate trapped

personnel. The numbers represent tbe estimated percentage of casualties

expected at tbe maximum range where tbe specified structural damage occurs.

Personnel in a prône position

are less likely to be struck by flying mis-

siles than those who remain standing.

6-3

Table 6-2. Critical Radiant Exposures for Bums Under

Clothing

(Expressed in cal/cm* incident on outer surface of cloth)

Clothing Burn 1 KT 100 KT 10 MT

Summer Uniform i° 8 11 14

(2 lavers) 2° 20 25 35

Winter Uniform 1° 60 80 100

(4 lavers) 2° 70 90 120

6-2

CWFMWgm.

6-4



CfiHriBCNTItr 3.1

SEaiON III

THERMAL RADIATION PHENOMENA

3.1 General

For & surface burst having the same yield as an

air burst, the presence of the earth’s surface

résulta in a reduced thermal radiation émission

and a cooler fireball when viewed from that surface.

This is due primarily to heat transfer to the soil

or water, the distortion of the fireball by the

reflected shock wave, and the partial obscuration

of the fireball by dirt and dust (or water) thrown

up by the blast wave.

^ 3.16X10* W (T) ,, , . L ,

jp
cal/sq cm (air burst).

and

„ 1.35X 10* W (T) „ f g ^ x— cal/sq cm (surface burst).

where Q=radiant exposure (cal/sq cm)

T=atmospheric transraissivitv

M’=weapon yield (KT)

D=slant range (yds).

WW'IULNIIAL 3-1

Measurements from the ground of the total

thermal energy from surface bursts, althougb not

as extensive as those for air bursts, indicate that

the thermal yield is a little less than half that

from équivalent air bursts. For a surface burst the

thermal yield is assumed to be one-seventh of the

total yield.

3-2

% flftitflftflITI 1 1 3-3

The différences between the air burst and

surface burst curves are caused by the différence

in apparent radiating températures (when viewed

from the ground) and the différence in geometrical

configuration of the two types of burst.

50 mile visibility and 5 gm/m3 water vapor.

10 mile visibility and 10 gm/m3 water vapor.

3.3 Radiant Exposure v$. Slant Range

a. Spectral. Characteristics. At distances of

operational interest, the spectral (wavelength)

distribution of the incident thermal radiation,

integrated with respect to time, resembles very

closely the spectral distribution of sunlight.

For each, slightly less than one-half of the radia-

tion occurs in the visible région of the spectrum,

approximately one-half occurs in the infrared

région and a verv small fraction (rarely greater

than 10 percent) lies in the ultraviolet région of

the spectrum. The color température of the sun

and an air burst are both about 6,000° K. A
surface burst, as viewed by a ground observer,

contains a higher proportion of infrared radiation

and a smaller proportion of visible radiation than

the air burst, with almost no radiation in the

ultraviolet région. The color température for a

surface burst is about 3,000° K. A surface burst

viewed from the air may exhibit a spectrum more

nearlv like an air burst.



12.3
rfiainnîiiTi 1

1

«MnrmiLii i iRr

Table li-S. Critical Radiant Exposure Values for Various Materials

Mattri&l

Tent material:

Canvas, white, 12 oz/yd*, untreated

Canvas, OD, 12 oz/yd*, flame-proofed

Packaging materials:

Fibreboard, V2S, BT 350 psi, laminated——

.

Fibreboard, V3S, BT 275 psi, laminated

Fibreboard, V3C, BT 350 psi, corrugated

Fibreboard, W5C, BT 200 psi, corrugated

Plywood, douglas fir 0* in.)—

Airship material, aluminized, N-113A100, 16 oz/yd*.

Airship material, aluminized, N-113A70, 19.4 oz/yd*

Airship material, aluminized, N-128A170, 8 oz/yd*

Doped fabrics (used on some aircraft control surfaces) :

Cellulose nitrate covered with 0.0015" thick aluminum

foil.

Cellulose nitrate, aluminized

Plastics:

Laminated methyl méthacrylate

USAF window plastic (H in.)

Vinylite (opaque). H in. thick -

Sand:

Coral

Siliceous -

Sandbags: Cotton canvas, dry. filled

Wood, white pine...

White pine, given protective coating

Construction materials:

Roll roofing, minerai surface

Roll roofing, smooth surface -

Damage

Critical radiant exposure
Q>. (cal/sq cm)

1 KT

Destroyed 12 21 37

Destroyed - 5 9
• mm

Fiâmes during exposure 9 16 29

Fiâmes during exposure.. 7 13 23

Fiâmes during exposure 6 11 19

Fiâmes during exposure 5 10 18

Fiâmes during exposure 9 16 20

Aluminum surface discolored 20 35 61

Aluminum surface destroyed 24 43 75

Fabric destroyed 27 47 82

Aluminum surface discolored 10 18 31

( Aluminum aurfacft destrov^d 15 27 44

Fabric destroyed 20 35 61

Delaminates 2 4
m
ê

Fabric destroyed 5 17

Sporadic flaming 60 80 140

Persistent flaming 5 6 10

Surface melts - — 73 120 230

Bubbling 240 430 750

fDense smoking 3 4 6

1
Flaming 20 20 25

Explosion* 15 27 47

Explosion* 11 19
|

35

Failure 10 18 32

0.1 mm depth char 10 18 32

0.1 mm depth char 40 71 126

1 Surface melts 8 14 25

(Flaming during exposure 22 40 7
J

fSurface melts 4 7 12

(Flaming during exposure 9 16 29

•“Popcomlng. 1
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SECTION VII

DAMAGE TO STRUCTURES

7.1 General

Tunnels in solid rock are difficult to destroy by

explosions of nuclear weapons. In this case, the

shock wave is transmitted through the rock.

When it reaches the tunnel the wave is reflected

as a tensile wave, and there is a tendencv for the

rock to spall or become detached from the rock-

tunnel interface. Use of tunnel linings materially

reduces this spalling. Mass crushing of the rock

and filling of the tunnel occurs doser to the burst

point.

7.4 Field Fortifications

o. Air Blast. Air blast is the controlling

damage-producing mechanism for destruction of

field fortifications, including those reinforced,

revetted or covered. Définitions of severe, mod-

erate, and light damage levels to various types of

field fortifications are given in table 7-4. Tbese

damage levels are based upon various degrees of

collapse and structural failure except for un-

revetted trenches and foxholes, which hâve dam-

age levels based on degree of filling caused by

collapse of the walls and by filling with dust and

débris. Areas covered with loose material, such

as sand and gravel, may provide sufficient dust

and débris to completely fill a trench or foxhole,

whereas areas with stable végétation or areas of

dry silty soil may not provide significant quanti-

tés of dust and débris to appreciably fill a trench

or foxhole. Collapse of the walls of foxholes and

trenches by air blast and air induced ground

shock is usually not significant except at ranges

less than those shown for severe damage in figure

7-22.

Table 7-4. Damage Criteria for Field Fortifications

Description Severe

Unrevetted trenches and fox- The trench or foxhole is

holes with or without light at least 50 percent

eover. filled with earth.

FIGURES 7-20—7-22

The curves in figure 7-22 are based on results

of tests run in a Consolidated dry sand and gravel

soil. Trenches and foxholes in damp soil with

stable végétation or dry silty soil will receive

moderate and severe damage at ranges less than

those shown in figure 7-22. The curves of figure

7-22 are for average rectangular foxholes with the

longitudinal axis perpendicular to the direction of

air blast propagation. Damage will be equal or

less for other orientations.

Given: A 50 KT burst at an altitude of 1,000

feet.

Find: To what horizontal distance there is a

50 percent probabilitv of severe damage

to an unrevetted foxhole in a dry,

Consolidated sand and gravel soil.

Solution: 680 yards.

Approximately 20 psf peak overpressure

Table 7-5. Damage Criteria for Underground Structures

Structure Damage Damage distance Remarks

Relatively small, heavy, well designed under-

ground targets.

Relatively long, flexible targets, such as

buried pipelines, tanks, etc.

(Severe iy4R. Collapse.

Slight cracking, eeverance of brittle

external connections.

Deformation and rupture.

Slight deformation and rupture.

Failure of connections. (Use higher value

for radial orientation of connections.)

1 Licrht

f
Severe - .

Moderate...

Light

2Rm

2H to 3Æ.

Sou. R a- Apparent Crmter Rmdius.



UNOBSTRUCTED (DESERT) TERRAIN

(NO ENERGY LOSS
FROM BLAST BY WORK) FIGURE 7-10A

SEVERE DAMAGE TO REINFORCED CONCRETE FRAME OFFICE BUILDINGS

CO
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FIGURE 7-9A
SEVERE DAMAGE TO MULTISTORY STEEL FRAME OFFICE BUILDING

GROUND RANGE (yards)

FIGURE 7—4A
SEVERE DAMAGE TO MONUMENTAL TYPE MULTISTORY

WALL-BEARING BUILDINGS BY VARIOUS YIELDS

GROUND RANGE (yards)
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An eminent chemist
gives the facts about poison gas

and air bombing

THE TRUTH
ABOUT POISON GAS

(/ M.A., D.Sc. F.R.S.

Professor of Chemistry, University of Edinburgh

The civilian has been told that he will hâve
to bear the brunt of another war, that within a few
hours from the outset enemy bombers will destroy
big cities and exterminate their inhabitants with

high explosive, incendiary and gas bombs.
What is the truth ?

Here, in this book, written in language
everyone can understand, is the considered
opinion of an authority on Chemical warfare.



Breathe Freely !

THE TRUTH ABOUT POISON GAS

JAMES KENDALL
M.A., D.Sc., F.R.S.

Professor of Chemistry in the University of Edinburgh
;

formerly Lieutenant-Commander in the United

States Naval Reserve, acting as Liaison Oflicer

with Allied Services on Chemical Warfare
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52 GAS IN THE LAST WAR

CASUALTIES IN INITIAL GAS ATTACKS

Amount Léthal

Used Concentra- Non-fatal

Gas Date In Tons tion * injuries Deaths

Chlorine Apr. 22, 1915 168 5-6 15,°°° 5,000
Phosgene Dec. 19, 1915 88 o-5 1,069 120
Mustard July 12, 1917 125 015 2,490 87

(* mg/litre for 10 minutes exposure unprotected)

between September 15 and November n,
1918, 2,000,000 rounds of gas shell, containing 4,000
tons of mustard gas, were fired against the advancing
British troops

;
our losses therefrom were 540 killed and

24,363 injured. Gas defence had progressed to the

point where it took nearly 8 tons of mustard gas to kill

a single man !

A GAS ATTACK ON LONDON IO9

The first

salvo of gas shells often reaches the trenches before the
occupants don their masks, whereas the Londoner will

receive ample warning of the approaching danger.

IIO GAS IN THE NEXT WAR
The alarmist and the ultra-pacifist love to quote the

fact that one ton of mustard gas is sufficient to kill

45,000,000 people. This would indeed be true if the

45,000,000 people ail stood in a line with their tongues

out waiting for the drops to be dabbed on, but they

are hardly likely to be so obliging. One steam-

roller would suffice to flatten out alT the inhabitantTof

London if they lay down in rows in front of it, but

nobody panics at the sight of a steam-roller.



Ever since the Armistice, three classes of writers hâve
been deluging the long-suffering British public with

lurid descriptions of their approaching extermination

These three classes are pure sensa-

tionalists, ultra-paciîists anîmilîtary expërts7

12 PANIC PALAVER
perpetrators of such articles may not recognize them-

selves thaî what they are writing is almost entirely

imagîîïary, but they do want to get their manuscript

accëpted for the feature page of the Daily Drivel or the

WeekJÿ WaiL In order to do that, they must pile on the

horrors thick, and they certainly do their best

The amount of damage done by such alarmists can-

not be câlculâted, butTtTs undoubtedly very great.

poison gas has a much greater

nëws value. It is still a new and mysterious form of

warfare, it is something which people do not under-

stand, and what they do not understand they can

readily be made to fear.

13
The recent film Things to Corne

,
in particular, has

provided a picture of Chemical warfare of the future
which shows how simply and rapidly whole populations
WîïTbe wiped out. Millions of people, perhaps, hâve
been impressed by the authority and réputation of
Mr. H. G. Wells into believing that this picture repre-
sents the plain truth.

17

Exhibit ‘B’ is the work of the ultra-pacifist. He
abominâtes war and everything connected with war to

such an extent that he paints a highly coloured picture

ot îts horrors, in the most extreme Surrealistic style, with
the object of frightening the public to the point where
they will relinquish, in the hope of escaping war, even
the right of self-defence. His motives may be praise-

worthy, but his methods are to bedeplored.



French family at Marbache, Meurthe et Moselle, France, September 1918.

Gas masks were compulsory in the village, due to nearby gas attacks

.

Photo is the frontispiece of the October 1921 reprint of Will Irwin's

book "The Next War" (Dutton, N. Y., 19th printing Oct 1921; first
published April 1921.)

J. Davidson Pratt, "Gas Defence from the Point of View of the Chemist"
(Royal Institute of Chemistry, London, 1937): "... during the Great
War, French and Flemish . . . living in the forward areas came unscathed
through big gas attacks by going into their houses, closing the doors
- the Windows were always closed in any case - and remaining there . .

.

"





OFFICIAL INSTRUCTIONS ISSl’Kl) HY THF MINISTRY OF HOME SKCl'RlTY

about
HINTS TO

MOTHERS
^ Learn to put on baby’s

gas helmet quickly, while

wearing your own mask.

Your Health Visitor will

show you how. If you don’t

know her addrcss ask at

Town Hall or at the Child

Welfare Centre.

^ With more than one

baby you need help. Arrange

with a neighbour, or find

out if your local W.V.S. has

a Housewives’ Service.

^ Toddlers soon learn to

put on their own masks.

In a gas attack
,
first put on Let them make a game of it

your own mask, theri you will a°d they will wear their gas

be better able to help baby. masks happily.

MAKE SURE YOUR FAMILY
HAVE THEIR GAS MASKS
WITH THEM NIGHT A DAY

Gas Helmets for Babies (HO 186/2247)



OFFICIAL INSTRUCTIONS 1SSUED BY THF MINISTRY OF HOME SECURITY

IF THE GAS RATTLES SOUND

l*ut on mask, holding your breath until mask is in position. Turn
il p collar. Put on gloves or keep liands in pockets. Take cover
in nearest building quicklv. Put up umhrella if you hâve one.

IF YOU GET GASSED
by Vapour Gases

1. K<'ep yotir mask on even if you feel discomfort.

2. If discomfort continues, go to First Aid Post.

by Liquid or Blister Gas
1. Dal), but dont rub the splasli with your hand-

kerchief. Then destroy the handkerchief.

2. Rub No. 2 Ointment well into place (buy a 6d.
jar now from any cbemist). In an emergency,
chemists will supply Bleacb Cream free.

3. If you can’t get the Ointment or Cream within
5 minutes, wash the affected place with soap and
warm water.

4. Take olf al once any garment splashed with gas.

HOW TO PUT ON YOUR MASK
1. Hold your breath. 2. Hold mask in front of

face, thumbs inside straps. 3. Thrust chin well

forward into mask. • Pull straps as far over head
as they will go. 4. Run finger round face-piece

taking care head-straps are not twisted.

Wor Gas Leaflet (HO 186/2247)
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Printed for the War Cabinet. January 1941.

SECRET. Copy No.

W.P. (41) 1».

January 24, 1941.

TO BE KEPT UNDER LOCK AND KET.

It is requested that spécial care may be taken to

ensare the secrecy of this document.

WAR CABINET.

ANTI-GAS PRECAUTIONS.

Mémorandum by Home Secretary and Minister of Home Security.

FOLLOWING the discussion at the War Cabinet* on the 20th January,
1941, 1 circulate the following note about anti-gas measures for the civil popula-
tion. The note has been drawn up on the assumption that there should be no press
and broadcast publicity about anti-gas précautions. I appreciate that there are
good reasons for such a course of action, but I feel bouna to say that the absence
of publicity will make it more difficult to secure a rapid and wiaespread improve-
ment in the preparedness of the civil population to meet a sudden gas attack.

The value of a respirator, for example, lies only partly in the efficiency of the
respirator itself. The balance—and no small balance—dépends on the extent to

which the public are practised in the habit of putting it on quickly and wearing it.

Even with the aid of advance publicity it is impossible to guarantee that the
first onset of a gas attack will not resuit in casualties. The risk must inevitably

be increased—possibly quite seriously in view of the immunity we hâve hitherto

enjoyed—if there is no public warnine of the increased likelinood of gas attack
in the near future. I suggest, therefore, that the War Cabinet should review
their policy in this maiter.

H. M.
Home Office, January 24, 1941.

NOTE.

Personal Protection.
(a) General ‘public.

1. Every member of the public should be in possession of a respirator. Ail

respirators hâve been fitted with an additional nlter known as
‘
‘ Contex ” to

increase their protection against particulate gases, i.e., arsenical smokes. There
are over 10 million respirators in national reserve in addition to 3 million

reserves in the hands of focal authorities.

2. In March 1940 arrangements were made through the Wardens’ organi-

sation for a spécial inspection of respirators in the hands of the public. Local

authorities were then asked to institute a System of inspection by Wardens at

[22150]

• W M. (41) 8, item 4.
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regular intervals. The issue of “ Contex,” which began in May and continued
until September, gave a spécial opportunity for inspection by Wardens, and there

is reason to believe that this inspection was largely carried out.

3. The number of faulty respirators reported at the March 1940 inspection

was surprisingly small, and the number of unserviceable respirators returned by
local authorities in the period April to December 1940, was at the rate of less

than 4 per cent, a year.

4

as the view has been taken that it was unnecessary to hâve decontamination
squads always standing by. They are in the main drawn from the men belonging
to the cleansing departments of "the local authorities.

At présent these men are reserved by reason of their primary occupation at
25, but it is proposed by the Man-Power Committee and the Ministry of Labour
and National Service to raise the âge to 35. It will be necessary therefore that
there should be some deferment of the calling-up of a proportion of the men
under 35, and discussions are already taking place on this with the Ministry of
Labour.

Anti-Gas Précautions in Sheltbrs.

17. In July 1940, instructions were issued that arrangements should be
made for securing that public shelters could be made gas-proof . Now that shelters

are being used for sleeping, adéquate ventilation is of the first importance. It is

impracticable to reconcile this with efficient gas-proofing. Local authorities are
therefore being informed that further steps to provide gas-proofing in naturally
ventilated shelters should not be taken for the présent and that reuance must be
placed on the respirator as the first line of defence.



Tel. No. : Victoria 6826

Any communication on the subject

of this letter should be addressed to—
The Under Sbcretary of State,

Home Office (A.R.P. Dept.),

Horseferry House,

Thorney Street,

London, S.W.i.

and the foUowing number quoted :

—

701,602/109

HOME OFFICE,

Air Raid Précautions Dept.,

HORSEFERRY HOUSE.
THORNEY STREET,

LONDON, S.W.i.

31s/ December, 1937.

SlR,

Experiments in Anti-Gas Protection of Houses

I am directed by the Secretary of State to transmit, for the
information of your Council, the annexed Report describing in

detail the experiments to which reference was made by the Par-
liamentary Under Secretary of State in his speech on the second
reading of the Air Raid Précautions Bill in the House of

Commons on the iôth November.

The experiments were conducted by the Chemical Defence
Research Department under the aegis of a spécial Sub-Com-
mittee of the Chemical Defence Committee. That Sub-
Committee was composed of eminent experts not in Government
employment, and included a number of distinguished University

professors and scientists.

I am,

Sir,

Your obedient Servant,

R. R. Scott.

The Clerk of the County Council.

The Town Clerk.

The Clerk to the District Council.

Issued to ail

County Councils

County Borough Councils (and the Corporation of the City of
London)

Metropolitan Borough Councils

Municipal Borough Councils

Urban and Rural District Councils

in England and Wales

Copies sent for information to Chief Officers of Police in

England and Wales.
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PROTECTION AGAINST GAS
REPORT OF EXPERIMENTS CARRIED OUT BY

THE CHEMICAL DEFENCE RESEARCH DEPARTMENT
Handbook No. i issued by the Air Raid Précautions DeparF

ment of the Home Office describes the steps which the public
are advised to take in order to protect themselves against the
effects of any Chemical warfare gases which might be employed
by enemy aircraft in time of war.

The gist of these recommendations is :
—

First, to go indoors.

Secondly, to arrange for the room into which you go to

be made as gas-proof as possible.

Thirdly, to take with you the respirator which will

hâve been issued to you.

Whilst it has never been claimed that any one of these steps

by itself will make an individual completely safe, experiments
and trials hâve shown that each of these measures is by itself

of considérable value and that when ail of them are adopted
a very high degree of protection is obtained. An outline is

given below of certain typical experiments which hâve been
carried out.

These particular experiments were carried out with four
different types of actual war gas. The first four experiments
to be described will show the degree of protection that is obtained
from each type of gas merely by going indoors and shutting the
doors and Windows.
As explained in Handbook No. i*, a Chemical warfare gas

may be dropped from aircraft either as spray or in bombs.
In the former case the liquid drops fall like rain, and it is

obvious that by going indoors the public will avoid them. On
the other hand, if gas bombs are dropped, people who hâve
gone indoors will avoid being splashed by the Chemical in the
bomb, and even in an ordinary room they will receive some
protection from the gas cloud. The amount of protection
obtained in a house which has not been treated in any way
can be gathered from the following experiments.

(a) Protection obtained in a house which has not been treated
in any way.

The house employed was a gamekeeper’s cottage with three
rooms on the ground floor and three rooms upstairs. It had
been unoccupied for about 15 years but was in a reasonable
state of repair. It was to a large extent sheltered by belts of

* A.R.P. Handbook No. 1 ,
“ Personal Protection against Gas ", price 6d.

(8d. post free) : published by H.M. Stationery Office (see back page).
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trees which reduced the strength of the wind in the vicinity of

the cottage to about one-eighth of that in the open. In this

respect therefore the location of the cottage resembled a house
in a town. In one experiment over a ton of actual chlorine gas
was released 20 yards from the house so that the wind carried
it straight on to the unprotected room. A very strong gas cloud
was thus maintained outside the house for about 40 minutes,
during which time the gas gradually penetrated to the inside.

A fire was burning in the hearth the whole time, and the only
measures taken to exclude the gas consisted of closing the
doors and Windows in the normal way.

Human beings who occupied this unprotected room found
that gas penetrated slowly into the room, and after about seven

minutes is became necessary for them to put on their respirators.

Had these men been outside the house, they would hâve been
compelled to put on their respirators immediately, since other-

wise the very intense gas cloud would hâve caused instantancous

incapacitation and ultimate death.

If the gas, which with its containers weighed about 2J tons,

had been released more quickly, the strength of the gas cloud

would hâve been greater but the time during which the house

was enveloped by it would hâve been correspondingly shorter.

It is important to appreciate properly the severity of this

trial. The quantity of gas concentrated on this house could

under practical conditions only be obtained by several large

bombs dropping very close to the building. The period of

exposure to the maximum effects of the gas was also many times

longer than would normally be experienced under most prac-

tical conditions, since the initial cloud from a gas bomb soon

begins to be diluted and dispersed by the action of even quite

moderate winds. It is clear that conditions similar to those of

the experiment are extremely severe, and are such as would
be likely to occur very rarely indeed and to a very small

number of houses.

It should also be noted that the cottage used in this experi-

ment had no carpets or other floor coverings. Most of the gas

which leaked in came through the spaces between the floor

boards, and it is therefore clear that much less would hâve got

into an ordinary room in which there was a carpet, linoléum,

or a solid floor.

In another experiment the house was surrounded at a dis-

tance of 20 yards by large shallow trays which were filled with

mustard gas, the trays being spaced a few yards apart. By
this means the vapour given off by the mustard gas was carried

on to the house no matter how the direction of the wind varied.

As the weather at the time was not very warm, the conditions

of the experiment were made more severe by producing a fine

spray of mustard gas at a point 10 yards to windward of
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the house so that the house was enveloped in the résultant cloud
of mustard gas for a period of an hour. The cloud produced
in this way was about a hundred times as strong as that caused
by the évaporation of the mustard gas from the trays. Animais
were placed in an unprotected room in the house and remained
there during the spraying period and for a further 20 hours
while the house was subjected to the vapour of mustard gas
given off from the trays. Observations made upon the animais
during the three subséquent days and also post mortem examina-
tion showed that none of them was seriously harmed by the
mustard gas.

The third type of gas used was tear gas. In this experiment
the same cottage was enveloped for an hour in an intense
atmosphère of tear gas produced by spraying the gas into the
air at a point 10 yards upwind of the house. Men who were
stationed 200 yards downwind from the house and in the track
of the gas cloud were incapacitated in about a minute, and in
some cases in 20 seconds. On the other hand, men who occu-
pied rooms in the house which had received no treatment
beyond the closing of the Windows and doors found no need
to put on their respirators for the first 13 minutes. The tear
gas gradually penetrated into these unprotected rooms, although
after three-quarters of an hour the strength of the gas inside
the house was still very much less than that outside.

In the fourth experiment the cottage was enveloped for
20 minutes in a dense cloud of arsenical smoke. Men occupy-
ing an unprotected room of the house found that the arsenical
smoke penetrated into the room, but the strength of the cloud
inside was much less than that outside. When Civilian
respirators were worn in this room, complété protection was
obtained. Men who were stationed 200 yards downwind of the
house and in the path of the gas cloud were rapidly affected,
but when they wore Civilian respirators no effects were felt.

The above four examples clearly demonstrate that, apart from
the protection which a house provides against falling airplane
spray, some measure of protection is afforded even by an
ordinary unprotected room against gas clouds such as are pro-
duced by bombs close to the building.

(b) Protection afforded by a house treated in accordance with
Air Raid Précautions Handbook No. 1.

A brief account will now be given of four further experi-
ments with the same four war gases in order to illustrate the
added protection which can be obtained by treating a room in
accordance with the instructions given in Air Raid Précautions
Handbook No. 1. These experiments were also conducted with
the cottage already mentioned. The room selected for treat-
ment was situated on the ground floor on the windward side
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of the house so that it was subjected to the full effect of the gas

and the wind. It measured about 12 feet square. The Air Raid
Précautions instructions for excluding gas were carried out by
unskilled men, the official procedure being rigidly foliowed.
As the house was not provided with carpets or other floor

covering, it became necessary to seal up the joints between the

boards over the whole of the floor of the selected room. This

was done by pasting strips of paper along the joints between
the floor boards. Some of these strips became displaced by
the boots of the men who were inside the room, and an appré-
ciable leakage of gas into the room undoubtedly occurred due
to this cause. Two tons of chlorine were released 20 yards
from the house, the time of émission being an hour. Animais
were placed in the house, some in the " gas protected

” room
and others in rooms which had received no such treatment.
The latter set of animais were killed by the gas which pene-
trated into the unprotected rooms under these very severe
conditions. The animais in the “ gas protected " room, how-
ever, were unaffected and remained normal, notwithstanding
the severity of the trial.

An experiment with mustard gas, similar to that already
described, was also carried out after the ground floor room on
the windward side of the house had been treated in accordance
with the Air Raid Précautions Department’s procedure.
Animais were placed in the room, which was then subjected to
the same exposure of mustard gas spray and vapour as before.
At the end of 20 hours the animais were removed and a most
thorough examination of them showed no evidence of the
effects of the gas at ail. Animais placed outside the house during
the first hour of the experiment were, of course, very seriously
affected. The amount of mustard gas penetrating into the
room was also measured by Chemical methods and it was found
that the amount of gas inside the room was so small that a
man could hâve remained there for the whole 20 hours without
its being necessary for him to wear a respirator and without any
subséquent ill-effects.

The experiment with tear gas previously described was also
performed against the “ gas protected ” room. A number of
men occupied this room and found they were able to remain
there without its being necessary for them to put on their
respirators at any time during the hours that this very severe
experiment lasted.

An experiment with arsenical smoke, similar to that already
described, was also carried out against the “ gas protected

”

room. The occupants found that the arsenical smoke penetrated
the room to an extent which caused some irritation of the nose
and throat and eventually rendered the wearing of respirators

désirable to ensure comfort. After putting on the respirator, no



6

discomfort was felt throughout the remainder of the experiment.
Men who left the “ gas protected " room wearing their Civilian
respirators were able to traverse the densest part of the cloud
without discomfort. Under these severe conditions the presence
of the arsenical smoke could be detected, but the effects were
insignificant.

It is important to appreciate fully the severity of the condi-
tions imposed in the two trials with arsenical smoke. A very
high concentration of the irritant smoke was maintained around
the house for 20 minutes. Under practical conditions such a
high concentration could be produced only by a large and
efficiently designed bomb falling close to the building, and then
only for a short period. The conditions of the trials were there-
fore extremely severe and represent a situation which would
only rarely be met, and in which only a small number of houses
would be involved.

From this second sériés of experiments it will be seen that
treating a room in accordance with the recommendations of the
Air Raid Précautions Department does reduce very consider-
ably the amount of gas pénétrating into the room, and that
a room so treated is correspondingly safer than a room which
has received no such treatment.

Indeed, in the case of the experiments with mustard gas and
tear gas, the amount of gas which was able to pénétrate into
the gas protected room was so small that no further measures
of protection were necessary.

In the experiment with chlorine, although the amount of gas
which entered the treated room was insufhcient to injure the
animais, human beings who occupied the room during this

extremely severe test could smell the gas. They were provided
with Civilian respirators, and they found that by putting these
respirators on they were completely protected against every
trace of gas. Some of these individuals then left the “ gas
protected ” room, passed out of the house, and traversed the
léthal cloud of gas which enveloped it. Although they deli-

berately stood in the densest part of the cloud for some minutes,
no trace of the gas passed through their respirators.

Similarly the experiments with arsenical smoke show that
although, under the most severe conditions, the cloud may
penetrate into the “ gas protected ” room in sufficient quantity
to be detected, or even to cause some irritation, the effects

are materially reduced in a room so treated. It is also demon-
strated that wearing a Civilian respirator affords complété
protection against any smoke which may gain access to the
room. The respirator also enabled individuals to pass through
an extremely dense cloud of arsenical smoke in complété
safety.
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The experiments which hâve been outlined in this statement

were purposely designed to represent the most severe conditions

likely to be met. The results ail combine to show that if the

instructions given in Air Raid Précautions Handbook No. i are

carried out a very high standard of protection is obtained.

With regard to the first précaution it has been shown that going

indoors and closing the doors and Windows affords some
measure of protection, even though the room occupied has not

been specially prepared. In these circumstances there is ample
time to put on the respirator at leisure if this should be
necessary. If the second précaution of rendering the room as

gas-proof as possible has been carried out, then the occupants
will normally be able to remain in complété safety and comfort
without further protection. Under the most severe conditions

sufficient gas may penetrate such protected rooms to be recog-

nized or even to cause slight irritation. When this occurs the

respirator can be put on though in many cases this will be as

a matter of convenience and extra précaution rather than real

necessity. With regard to the Civilian respirator it has been
shown that this will, in conjunction with the above précautions,

provide complété safety for any period for which it is likely

to be required. It has further been demonstrated that this

respirator will enable the wearer to reach a place of safety

even if he should for a time be exposed to the most dangerous
situation—for example if he is caught out of doors in a gas
cloud, or if his gas-protected room becomes damaged and he
is compelled to seek shelter elsewhere.

(47178—34 Wt. 3276—235 20,000 12/37 P- St G. 373
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Notes on BW and CW

ON23H

General
Toxicological warfare can consist either of a tactical attack with

Chemical weapons producing an immédiate incapacitating effect, or of a
strategie attack with biological weapons which hâve a delayed effect.

The new Civilian Respirator (C7)t with pneumatic tube face
fitting which is comfortable for long periods of wearing, affords
excellent protection against BW and CW attacks.

BW
In attacks on populations, since the airborne hazard is the main

one, only agents of high infectivity and high virulence (i.e. a small
number of organisms required to produce infection and cause severe
illness), combined with viability for many hours in the atmosphère, are
likely to prove effective.

Some représentative pathogenic micro-organisme
Anthrax (léthal, very persistent spores

but relatively low infectivity)
Brucellosis (incapacitating)
Tularaemia (incapacitating or léthal)

Bacterial

i:

ON23:2

* Rickettsial Q fever (like typhus)
* Viruses Encephalomyelitis (brain fever)

Smallpox (épidémie)

Personal protection
Respirators and discardïble covers for head and body may be used.

Extrême personal cleanliness is necessary. Total dosage can be

reduced very considerably in a closed rocen in a house by sealing

window cracks and door gaps before the arrivai of contamination and

ventilating the room fully as soon as it has passed.

Decontamination
V/here appropriâte the following measures may be taken

(a) weathering for a few days will destroy most bacterial

agents other than anthrax spores
(b) use of bleach solution
(c) scattering petroi and firing it on open contaminâted

ground.

ÇVr

Mustard. gas and anticholinesterase agents (persistent and
non-persistent nerve gases) are the Cïï agents most likely to be

encountered in a tactical battle.
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Although vapors, aérosols, and liquids cannot permeate glass Windows or door panes, the

amount of possible air filtration through the seals of the panes into frames could be

significant, especially if frames are wood or other substance subject to expansion and

contraction. To adequately seal the frames with tape could be difficult or impractical. For

this reason, it has been suggested that pièces of heavy plastic sheeting larger than the

window be used to cover the entire window, including the inside framing, and sealed in

place with duct or other appropriate adhesive tape applied to the surrounding wall.

Another possible strategy would be to use shrink-wrap plastic often used in

weatherization efforts in older houses. Shrink-wrap commonly cornes in a 6 mil

(0.006-in.) thickness and is adhered around the frame with double-faced tape and then

heated with a hair dryer to achieve a tight fit. This would likely be more expensive than

plastic sheeting and would rcquirc grcatcr time and effort to install. Bccausc doublc-faccd

tape has not been challenged with Chemical warfare agents, another option is to use duct

tape to adhéré shrink-wrap to the walls. Currently, we do not recommend using shrink-

wrap plastics because of the lack of information on its suitability and performance.

3. WHY WERE THESE MATERIALS CHOSEN?

Duct tape and plastic sheeting (polyethylene) were chosen because of their ability to

effectively reduce infiltration and for their résistance to perméation from Chemical

warfare agents.

3.1 DUCT TAPE FERMEABILITY

Work on the effectiveness of expédient protection against Chemical warfare agent

simulants was conducted as part of a study on Chemical protective clothing materials (Pal

et al. 1993). Materials included a variety of Chemical résistant fabrics and duct tape of

10 mil (0.01 -in.) thickness. The materials were subject to liquid challenges by the

simulants DIMP (a GB simulant), DMMP (a VX simulant), MAL (an organoposphorous

pesticide), and DBS (a mustard simulant). The authors note that simulants should behave

similarly to live agents in permeating the materials; they also note that this should be

confirmed with the unitary agents. The study concluded that “duct tape exhibits

reasonable résistance to perméation by the 4 simulants, although its résistance to DIMP
(210 min) and DMMP (210 min) is not as good as its résistance to MAL (>24 h) and

DBS (> 7 h). Due to its wide availability, duct tape appears to be a useful expédient

material to provide at least a temporary seal against perméation by the agents” (Pal et al.

1993, p. 140).



3.2 PLASTIC SHEETING PERMEABILITY

Tests of the permeability of plastic sheeting (polyethylene) challenged with live Chemical

warfare agents were conducted at the Chemical Defense Establishment in Porton Down,
England in 1970 (NATO 1983, p. 133). Agents tested included H and VX, but not GB.

Four types of polyethylene of varying thickness were tested: 2.5, 4, 10 and 20 mil

(0.0025, 0.004 in., 0.01 in., and 0.02 in.). The results of these tests are shown in Table 1.

Table 1: Permeability of plastic sheeting to liquid agent

Breakthrough time (h)

Thickness VX H
0.0025 3 0.3

0.004 7 0.4

0.01 30 2

0.02 48 7

Source: NATO 1983, p. 136.

The data shows that at thickness of 10 mil or greater, the plastic sheeting provided a good

barrier for withstanding liquid agent challenges, offering better protection against VX
than for H. Because the greatest challenge is from a liquid agent, the time to permeate the

sheeting will be longer for aérosols and still longer for vapors, but the exact relationship

is unknown due to a lack of test data.

NATO Civil Defense Committee 1983. NATO Handbook on Standards and Rulesfor the

Protection ofthe Civil Population Against Chemical Toxic Agents, AC/23-D/680,

2nd rev.

Pal, T., G.Griffin, G. Miller, A. Watson, M. Doherty, and T. Vo-Dinh. 1993. “Perméation

Measurements of Chemical Agent Simulants Through Protective Clothing

Materials,” J. Haz. Mat. 33: 123-141

.
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UK NATIONAL ARCHIVES: ES 5/2
ANDERSON SHELTER TESTS AGAINST 25 KT NUCLEAR
NEAR SURFACE BURST (2.7 METRES DEPTH IN SHIP)

AWRE-Tl/54, 27 Aug. 1954

SECRET-GUARD
ATOMIC WEAPONS RESEARCH ESTABLISHMENT

(formerly of Ministry of Supply)

SCIENTIFIC DATA OBTAINED AT OPERATION HURRICANE
(Monte Bello Islands, Australia—October, 1952)

130 x 10
9 7-7 x 10

e 13-5 x 10
3

p _ R3 + R 3 + R

p is the maximum excess pressure in p.s.i. and R is the distance in feet

Fig. 12.1, Andersons at 1380 ft range from bomb ship
shown in the photo, moored 400 yards off shore.

Left: Fig. 12.3, Andersons at 1800 ft after burst. Right:
Fig. 12.4, Andersons protected by blast walls at 2760 ft.

12.1. Blast Damage to Anderson Shehers Sandbags failed to provide any
earth-arching protection

At 1,380 feet, Fig. 12.1, parts of the main structure of the shelters facing

towards and sideways to the explosion were blown in but the main structure of

the one facing away from the explosion was intact, and would hâve given full

protection. At 1,530 feet, Fig. 12.2, the front sheets of the shelter facing the

explosion were blown into the shelter but otherwise the main structures were more
or less undamaged, as were those at 1,800 feet, Fig. 12.3.

At 2,760 feet, Fig. 12.4, some of the sandbags covering the shelters were

displaced and the blast walls were distorted whilst at 3,390 feet, Fig. 12.5, the

effect was quite small. At these distances, the shelters were not in direct view of

the explosion owing to intervening sandhills.
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13. The Pénétration of the Gamma Flash
13.1.

Experiments on the Protection from the Gamma Flash aflorded by Slit

Trenches

13.1.1. The experiments described in this section show that slit trenches

provide a considérable measure of protection from the gamma flash. From the

point of view of Service and Civil Defence authorities this is one of the most
important results of the trial.

13.1.2. Rectangular slit trenches 6ft. by 2ft. in plan and 6ft. deep were

placed at 733, 943 and 1,300 yards from the bomb and circular fox holes 2ft. in

radius and 6 ft. deep were placed at 943 and 1,300 yards.

The doses received from the flash were measured with film badges and quartz-

fibre dosimeters in order to détermine the variation of protection with distance,

with depth and with orientation of the trench and the relative protection aflorded

by open and covered trenches.

In general, the slit trenches were placed broadside-on to the target vessel

but at 1,300 yards one trench was placed end-on. Two trenches, one at 733 and
one at 943 yards were covered with the équivalent of 1 1 inches of sand.

Table 13.1

Variation of Gamma Flash Dose on Vertical Axis of Trench

Type of trench

Rectangular
broadside-on

open

Rectan-
gular

end-on
open

Circular open

.

Rectangular
broadside-on

covered

Distance (yards) ... 1,300 943 733 1,300 1,300 943 943 733

Surface dose
(Roentgens)

Depth below ground
level (inches)

300 3,000 14,000 300 300 3,000 3,000 14,000

6 150 1,000 — 230 214 1,200 (75) —
12 75 430 — 150 120 545 47-6 —
24 33-3 584 60 54-5 188 25 (140)
36 23 216 31-6 30 86 13 (56)
48 (20) 43 100 20 17-7 48-5 7-7 (31)
60 — (37-5) 61 13-6 10-7 (33-3) 5 (23)
72 " (46-7) (8*6) 7 _r (3*5)

Entries in brackets are extrapolations or estimâtes.
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3» 2 Blast Damage Outdoor peak overpressure was 51 psi at 500 yds,

25 psi at 665 yds and 10 psi at 1,000 yds

3* 2* 1 Anderson Shelters 3 pS j extended to 2,000 yds

Standard Anderson Shelters, with sandbag covering and blast

wall construction were locat ;d at 460, 510» 600, 920 and 1,130 yards

frcm ground zéro* Mean blast pressures, in pounds/sq* inch, recorded

inside the shelters are shown in the following table*

Distance (yds* )_

Présentation

Front
•

Side Rear

Iféû NR NR

510 38 27 40

600 28 21 28

920 16 7 14

1130 8-5 4 _5sJL

liront présentation implies blast wall facing towards event*

pear « « " w M away from event*

Side ” ” shelter side on to event.

^helters at 460, 510 and 600 yards suffered damage including

démolition of blast walls, removal of sandbag covering and some

displacement of the corrugated iron.

At 920 and 1,130 yards the shelters suffered relatively little

damage*

Civil defence authorities consider that there might hâve been
«nmp Tpg survival from blast damage of personnel in shelters at

,460 yards and some 90 per cent at 600 yards, fatal casualties being

mainlv due to secondarv blast effects (e*g* débris) and, not to dlreçt-

"effects on the person of the blast pressure itself* . The front

présentation appeors the most hazardous, due to the collapse of the

blast wall into the shelter* At such distances, however, the

survival fi*cm the effects* of gamma flash would hâve been virtually

CiYZA /S Hz
At 920 and 1,130 yards there would hâve been no casualties from

blast, and incidentally, little risk from the effect of gamma flash*
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DOMESTIC
NUCLEAR
SHELTERS

Advice on
domestic shelters

providing protection

against
nuclear explosions

A Home Office guide
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EB3BARCH ON BLAST BFFECT3 IN TUNNELS

With Speoial Referenoe to tho Use of London Tubas as Shelter

by P. H. Pavry

Sumnaiy and Conclusions

The use of the London tube railwaya as shelter fron nuolear weapons ralses

many problems, and considérable disousslon of some aspects has taken plaoe front

time to time. But - until the résulta of the researoh here desorlbed were avail-

able - no one was able to say with any oertainty whether the tubes would provide

relatively safe shelter or not.

The more recent researoh here described showed for the first time that
a person sheltering in a tube would be exposed to a blast pressure only
about y as great as he would be exposed to if he was above ground. (In
addition, of course, he would be fully protected from fallout in the tube.)

Large-Scale Field Test (VaO) at Suffield, Alberta

The test is fully described in an A.W.R.E. report^. The decision of
the Canadien Defence Research Board to explode very large amounts of high
exp2.osive provided a medium for a variety of target-response trials that was
welcome at a time when nuclear tests in Australie were suspended. A.W.R.E.
used the 100-ton explosion in 1961 to test, among other items, the model
length of the London tube, at 1/40th scale, that had already been tested
at Vu 7 acale.

Blast Bntiy from Stations

There was remarkable agreeroent with the Vll7th scale trials:
"maximum overpressure in the train tunnels was of the order of yrà the
corresponding peak shock overpressure in the incident blast. The pres-
sures in the stations were about 1/6th those in the corresponding incident
blast ".

(6) V^Oth Scale Experiment to Assess the Effect of Nuolear Blast on
the London Underground System. A.W.R.E. Report V2/62.

(Official Use Only.)



100 ton TNT test on 1000 ft section of London
Underground tube at Suffield, Alberta, 3 Aug 1961

Atomic Weapons Research Establishment, "l/40th Scale Experiment to

Assess the Effect of Nuclear Blast on the London Underground System"

,

Report AWRE-E2/62, 1962, Figure 30. (National Archives ES 3/57.)

200 FT FROM GROUND ZERO 400 FT FROM GROUND ZERO

100 PSI OUTSIDE 20 PSI OUTSIDE
30 PSI IN TUBES 7.2 PSI IN TUBES

15 PSI IN TUBE STATIONS 4.3 PSI IN TUBE STATIONS

Aldwych Underground tube station as Blitz shelter, 8 October 1940
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Table 1 .—Physioal effects of bombingBOMBIHG ATTACKS OH GERMAMY
Kllied .

Wounded
305.000

780.000

Homes destroyed

total ton
’ kt/

month

Homburg
41,300

Cologne
4 7,200

Bottrop
4.600

Heumünster
2,100dremen

27,300Münster
13,100

München Glodbach
7

,
700

Lübeck
300lorlmund

87.300 Hanover
24,700\ entier

1,700

Wuppertot
7,000

Wetzlor
o 000

Franktort
29,500

Kosset
19,100

Karlsruhe
Il ,300

Stuttgart

27.200

Nurnberg
22 ,200

Kempten
300

Source: U.S. Strategie Bombing Survey, 'The Effects of Strategie Bombing

on German Morale, Volume 1", May 1947.



CONVENTIONAL KILOTONS/MONTH DROPPED IN WWII BY ALLIES

IN WWII, 2,697,473 TONS
OF BOMBS WERE DROPPED
BY THE USAAF AND RAF
IN OCCUPIED EUROPE

50.3% FELL ON GERMANY

SOURCE: USSBS. OVERALL REPORT

(EUROPEAN WAR), Charts 1 & 4

30 September 1945


